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... designed to solve 
YOUR furnace 


insulating problems! 


JOHNS-MANVILLE SUPEREX BLOCKS 
are recognized as the outstanding 
block insulation behind refractory 
linings, in service up to 1900° F. 


J-M SIL-O-CEL C-3 CONCRETE for 
lining furnace doors and bases. Con- 
ducts less than \ as much heat as 
firebrick; weighs less than half. 


J-M SIL-O-CEL C-22 BRICK as a direct 
insulating refractory makes possible 
thinner furnace walls; lowers operat- 
ing costs; raises efficiency. 








J-M SIL-O-CEL NATURAL BRICK is 
the most efficient insulating brick 
obtainable for use behind refractory 
linings. 


. . ‘ *“¢ YUSTOM DESIGNED,” these J-M Insulations —to fit 
And every insulation in the needs of your furnaces. Behind each insulation 





a research and service record of more than seventy-five years 


J-M’s complete line meets .--Acarefully trained engineering organization, specializing 


in the science of heat control; in the constant improvement 


some specific furnace re- of existing insulations and the development of new ones to 
i i z meet changing industrial needs. 
quirement with maximum 


As a result —each J-M material effects maximum efficiency 
and economy on the insulating job for which it is designed. 
If you are interested in the profits made by checking heat 
losses, send for our free engineering brochure, “Insulation 
of Industrial Furnaces and Ovens.” Write to Johns-Manville, 
22 E. 40th St., New York City. 


economy and efficiency 
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O YOU want to know what 

metallurgical engineers are say- 

ing, the world over? Look in the 

Current Metallurgical Abstracts. 

Here are some of the points cov- 

ered by authors whose articles are 
abstracted in this issue. 








Measuring Grinding Efficiency 


ingenious method involving the 
ive force of magnetite for measur- 
srinding efficiency is reported by 


(page MA 278 L 8).—J.G.A. 


Sand at High Temperatures 

tert and Valtier (page MA 280 L 
cue that foundrymen should con- 
not only the room temperature, but 
e high temperature properties of 
x sand. Since it is for service at 
temperatures, this makes sense.— 


I 


Brass (?) in the Cupola 
ws (page MA 280 R 2) alleges 


t mericans consider the cupola suit- 
a - melting brass. They don’t, but 
t! lo find it suitable for bronzes. 
TI omits to consider that the loss of 
z ym miscellaneous scrap is in this 
ca virtue, as it makes possible the 
u cheap raw material without loss 
ol more valuable elements, tin and 
Ci H.W.G. 
More Gases in Metals 

Kaub and co-workers bring out clearly 
that different gases affect different cop- 
per-base alloys differently and that one 
cannot draw sweeping generalizations, 


but instead must study specific cases 


(page MA 280 R 4).—H.W.G. 


Flame in the Open-Hearth 


Semikin (page MA 283 L 2) philoso- 
phizes at considerable length on the 
etiects of speed and distribution of the 
flame in the open-hearth furnace.— 


H.W.G. 


Soft Pulleys Recommended 
. \ccording to the British Wire Ropes 
\esearcii Committee, it is wise to use a 
solt enough pulley so that the wire rope 
cuts its own groove without itself being 
worn; hence ordinary cast iron is 
favored over chilled iron, and_ plastic 
wood, bedded into an undercut groove is 


tound satisfactory (page \ 285 
HW. y (page MA 285 L 1). 


Material for Rolls 


: Lueg and Pomp (page MA 286 L 5) 
conclude that the material from which 
tolling mill rolls are made has no influ- 
ence, only the quality of the roll sur- 
“i ane the finish of the product. 


UU, 


June, 1936—METALS & ALLOYS 


Aging of Steels 
Present theories of the aging of steels 
are rev'ewed by Sauveur and Galibourg 


(Page MA 291 L 4).—H.W.G. 


The Open-Hearth is Examined 

In an exhaustive and valuable series 
of articles (page MA 292 L 3) Buell 
studies in detail the design and con- 


struction of modern open-hearth fur- 
naces.—-H.W.G. 


Reactions in Sheathed Resistor Wire 

Navias (page MA 292 R 2) gives in- 
teresting data on the behavior of NiCr 
and NiCrFe resistor wire in contact with 
MgO, in moist and dry air and in H:.— 


H.W.G. 


Carbon Dioxide in Atmospheric 
Corrosion 


A very careful study by Vernon of 
the factors affecting atmospheric cor- 
rosion has produced some interesting 
results (page MA 316 R 3). In par- 
ticular, our old enemy, carbon dioxide 
has turned out to be a friend. In all 
atmospheres’ tested, carbon dioxide 
repressed the rate of corrosion. This is 
quite at variance with our old ideas of 
the role of carbon dioxide in the atmos- 
pheric class of corrosion—V.V.K. 


New Metals for Old 

Every metal has particular properties 
that render it especially useful for cer- 
tain purposes. The real problem is not 
the discovery of those properties, but the 
production of the metal at a cost that 
will permit the utilization of its par- 
ticular properties. This requires careful, 
painstaking research with a dash of 
imagination thrown in. Notable examples 
are beryllium and tantalum (page MA 


316 R 5).—V.V.K. 
More Light on Light 


We have known that light had some- 
thing to do with corrosion. We are 
glad to see a systematic investigation of 


its effect (page MA 316 R 6).—V.V.-K. 


Increase in Rusting Reported 


It seems strange indeed that in spite 
of our widely increased knowledge of 
causes and prevention of corrosion, 
rusting of sea-going vessels is, on good 
authority, on the increase (page MA 316 
R 8). As it is ascribed not to poorer 
quality of the steel but to secondary rea- 
sons, continued research into these fac- 
tors seems imperative and highly inter- 
esting.—Ha. 


Is Tarnish Resistant Silver About to 
be Realized? 
A recent German investigator has 


found (page MA 302 R 9) that silver 
deposited from an iodide solution can, 


under certain conditions, entrain enough 
of the iodide anion in the crystalline 
structure of the cathode deposit to 
render the silver immune to tarnish by 
H:S. While this may not be applicable 
to Sterling ware, it would seem to have 
promising possibilities for silver-plated 
ware. Other striking variations in color 
and other properties of electrodeposits 
can be brought about by similar means. 
H.S.R. 


Only 4 to go to Equal Heinz 
Specifications for 53 steels used in the 
Ford car are listed by Mill & Factory 
(page MA 320 R 2).—H.W.G. 


X-Rays, X-Rays 

X-rays have furnished plenty of grub 
for hungry brains this month. Jette 
and Foote (page MA 311 R 1), for ex- 
ample, turned up some pretty queer 
things about the iron-nickel system. 
Owen ard Pickup (page MA 311 R 2) 
re-determined the lattice constants of 
beryllium. Misch (page MA 311 R 3) 
X-rayed gold and palladium compounds 
of beryllium. Other alloy systems 
worked on were arsenic-lead, by Bauer 
and Tonn (page MA 311 R 4), lithium- 
zinc by Zint] and Schneider (page MA 
311 R 6) and platinum-thallium by Zintl 
and Harder (page MA 311 R99). There 
must be at least one point of interest in 
this batch for every reader.—J.S.M. 


A Rapid Coloring Method for Metals 

The finish of a metal article is an 
important matter in many respects and 
the demand for simple, inexpensive meth- 
ods for the purpose is an increasing one 
A solution recently described appears 
especially useful in that it can be used 
for copper alloys as well as iron and 
steel. The solution contains a mixture 
of sodium thiosulphite, “hypo” to most 
of us, and lead acetate. An attractive 
lustrous colored finish ranging from yel- 
low to dark blue can be easily produced 
(page MA 305 L 8).—H.S.R. 


Diffusion 


Mayhap Mehl’s Institute of Metals 
Lecture will stir up interest in diffusion 
in metals where interest was lacking. 
That metals frequently obey laws that 
were formulated years ago is being 
appreciated more widely as suitable ex- 
perimental data accumulate. The store 
has been increased this month by data 
of practical as well as theoretical inter- 
est: first, Alty and Clark (page MA 310 
R 2) report on the diffusion of Hg on 
the surface of Sn—the ordinary equa- 
tions are obeyed; second, Bramley, Hay- 
wood, Cooper and Watts (page MA 310 
L. 3) have plenty to say on diffusion of 
non-metallic elements (sometimes called 
“nuisance”, but often useful, elements 
these days).—J.S.M. 
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HORSE HEAD SPECIAL (nics? oun) ZINC 


"BREAKING OFESMEMSBRUE . “DR NG 7 5 BUFFING PLATING 





ASH TRAY OR END-PLATE 
—make it a ZINC Alloy Die Casting 


In considering production methods for your new parts, can you see possibilities 
from their similarity with other parts? The production pictures shown above are of 
an ash-tray. Considered more broadly, it’s a dish—turned upside down with slight 
variations it might be a cover, an end-plate or any one of a dozen parts. There were 
several obvious methods of manufacturing this part; but when costs, ease of finishing 


and appearance were considered it went to a ZINC Alloy Die Casting. 


In our publication, “The Alloy Pot,” we try to keep will gladly place your name on our mailing list to 
abreast of the rapid developments in this industry. We receive the literature on this subject if you so desire. 


THE NEW JERSEY ZINC COMPANY 
160 Front Street iid New York City 
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Permanent Set 


A RECENT Readers’ Digest quotes Oliver Wendell 
Holmes as saying, “Every now and then a man’s 
mind is stretched by a new idea and never shrinks back 
to its former dimensions.” 

This is true not only of the individual mind, but of 
minds in the aggregate as well. The mere fact that 


someone licks a tough job, makes a casting that others 
would pass up as impossible to handle, for example, 
puts that sort of job within the scope of other 


progressive shops. The way it was done is likely to be 
described in some technical journal or at some society 
mecting, but even if it is not, competitors know that 
roblem is not insoluble and keep after it till they 
nd out a way. 
ofar as the advances are due to the use of im- 


pri cd equipment, salesmen and advertising join in to 
S] | the news of better ways. But from whatever 
S¢ the ideas come, it is necessary that there be 
S¢ means of transferring them from the originator 
to . ose who can utilize them. As a recent Bulletin of 
the ‘ ntario Research Foundation remarked, “Apples 
fori: only on trees that are cross-fertilized.”’ Meetings 


an! ‘echnical journals are the bees. 
| it is also necessary that the bees operate in 


blossom-time. After one gets too old in mind, for re- 
cepiivity is not necessarily lost with age, the mind 
doesn't take a permanent set so readily. .The younger 


generation is usually better able to utilize the new ideas 
and new facts than the older one. 

for this reason, our technical societies should be 
operated with more of an eye to the youngster than 
most of them are. ; 

Those in power in any society are the old timers who 
tend to feel that the society should do things their way 
and who tacitly assume that everyone else has their 
own background. Sometimes this results in the papers 
lacking such prefaces as would make itthem aunder- 
standable to the novice, but one of the worst results, 
to our mind, is the failure to keep entrance fees down 
and the tendency to make smokers, dinners and so on 
at the meetings more expensive than the youngster 
can afford. 

When we started to attend technical meetings, and 
spent our own money to do so, we had to hunt up a 
cheap boarding house, instead of going to the official 
hotel, and had to miss the functions where the big guns 


we wanted to meet, or at least see at close range, would 
have been more accessible. 


We'd like to see some technical society try a sort of 
Big Brother scheme and hold a session where each of 
a lot of the old wheel horses took one of the new crop 
of Student or associate members under his wing and 
Saw to it that he met the other oldsters. (Oh ves, 

Orses can have wings; Pegasus did. ) : 
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Unless something is done along these lines, some of 
the societies will not only fail in their main purpose of 
bringing new ideas and new facts to those who can 
best utilize them, but will fail to develop enough inter 
est on the part of new comers to perpetuate the society 
itself after the old-timers pass on. 

There are one or two snooty, mutual-admiration, 
technical societies which pride themselves on their ex- 
clusiveness and cater only to the old, established tech- 
nical man, and which could be dispensed with at no 
loss, but in general the societies mean all right—they 
just don’t think. 

It would be a swell idea for the secretaries of techni 
cal societies to drop in at any gun club or skeet club 
anywhere and note how these sportsmen treat a novice. 
Nothing pleases a man who has shot all his life better 
than helping a youngster to learn to shoot. That atti- 
tude seems conspicuously lacking in some of the so- 
cieties.—H. W. G. 


Progress in Steel-Making Technique 


HAT pronounced progress is being made each year 

in the solution of open-hearth steel-making problems 
and in the improvement of the product was the vivid 
conviction impressed upon those who attended the 
recent gathering of the Open-hearth Committee of the 
Mining Engineers held in Detroit. The meeting was 
the eleventh anniversary of the inauguration of the 
Committee’s work and was signalized by the largest 
registration thus far. 

The free and intimate discussions, on or off the 
record, and the excellent management guarantee results 
which are of marked benefit to operating men and to 
the steel industry. The record of the first 11 yrs. fully 
justifies and probably exceeds the anticipation of the 
founders. 

In a closely similar field, a younger organization is 
filling a parallel need. The Electric Metal Melting As- 
sociation includes in its membership men operating 
electric furnaces of any type, whether on ferrous or 
non-ferrous products. This group, however, is closely 
organized and limited as to its membership, its pub- 
licity and in other respects. But the benefits which re 
dound to those allowed to participate doubtless are 
fully equal to those in the open-hearth group. This or- 
ganization also meets annually. 

Free discussion of current problems in metallurgy is 
essential to progress in the solution of problems. We 
have gone a long distance in the more liberal inter- 
change of data since only a few years ago. The large 
technical societies could take a leaf out of the ex- 
perience of these furnace groups in the realm of more 
discussion and less time in the presentation of printed 
papers. A feature of the open-hearth sessions was the 
absence of long papers and the extended verbal inter- 
change of opinions.—-E. F. C. 
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@ To improve manufacturing methods, one of the largest 
builders of popularly priced motor cars required equipment for 
the continuous production at closely regulated temperatures 
of scale-free annealed fly-wheel ring gears. The installation de- 
signed by SC Engineers to meet the rigid requirements of this 
manufacturer is shown in the illustration. 

Gears are conveyed through the furnace on alloy hangers 
suspended from a continuous counterflow conveyor, entering 
and being discharged at the same end of the furnace. They are 
preheated to 500 deg. F. in 30 minutes, heated and soaked ar 
1500 deg. F. for 36 minutes, and cooled to 700 deg. F. in 60 
minutes. Production is 500 gears per hour. 

Gas-Fired Radiant Heating Elements located along the side 
walls, at the rear end wall, and through the center section be- 
tween and parallel tothe conveyor lines, assure positive temper- 
ature control in every section of the heating chamber, and 
work free from oxide scale. 

After annealing, the gears pass through a coining operation; 
the teeth are cut, and then they are hardened in an SC Con- 
trolled Atmosphere Clean Hardening Furnace. 

The rigid requirements of the manufacturer are successfully 
and satisfactorily met by this installation. 

Whatever your heat treating needs may be SC Engineers 
will be glad to discuss them with you. 

SURFACE COMBUSTION CORPORATION, Toledo, Ohio, 









































Surface ‘Combustion 


Toledo, Ohio » Sales and Engineering Service in Principal Cities 


Builders of HARDENING, DRAWING, NORMALIZING, ANNEALING FURNACES - 
FOR CONTINUOUS OR BATCH OPERATION » » » ATMOSPHERE FURNACES 
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NEW ELECTRIC PROCESS 


for 


Cyanide and Activated Baths 


By E. F. DAVIS 


Chief Metallurgist, Warner 


Gear Co., Muncie, Ind 





Fig. 1. The Hooded Ajax-Hultgren Furnace with a Production Heat in Process. 


KARLY ALL PRODUCTION hardening by 

immersion processes is now being done in gas 

or oil-fired furnaces using either round, square 
or rectangular pots set into a fire brick combustion 
chamber. Several types of externally heated electric 
furnaces were in vogue a number of years ago, but 
their expense of upkeep and maintenance and high fuel 
costs caused them to lose popularity and such furnaces 
are obsolete in the larger industries. Other types of 
electric furnaces are employed extensively in tool hard- 
ening but several features of their construction make 


them impractical or uneconomical for production heat 
treating. 


Some Preliminary Remarks 


In the common designs the pots employed in im- 
mersion hardening are heated by the combustion of 
tuel in a combustion chamber. The heat absorbed by 
the pot walls is communicated to the salt in the pot 
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and sufficient temperature must be supplied to hold it 
in a state of fusion at any desired temperature, This 
molten fluid by contact with the metal immersed 
therein imparts its heat to the steel. Such a method ts 
obviously wasteful and inefficient, and this condition 
has long been realized by metallurgists and furnace en- 
gineers but no more practical way of doing this has 
been available. 

In these furnaces the combustion chamber must be 
held at about 300 deg. F. higher than the desired 
operating temperature of the molten salts. Thus, if a 
hardening temperature of 1500 deg. F. is desired for 
production hardening, the combustion temperature 
would be approximately 1800 deg. F. This is necessary 
so that the pots may recover their temperature quickly 
from the chilling effect on the salt caused by placing 
cold metal into the bath. If this thermal differential 
were not maintained, furnaces would heat up too slow- 
ly and heat-treating cycles would be much prolonged. 
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Most immersion pots are made of cast steel and the 
high temperatures and combustion gases have a de- 
structive effect upon the outside of the casting exposed 
to the burning fuel and the rate of oxidation is very 
rapid. A pot life of 1000 to 1500 heat hours, which is 
equivalent to 6 weeks to 2 months production opera- 
tion, is considered good performance for such con- 





if 








i 


Fig. 2. Position of the Units in the Furnace and the Rolling Cover. 


tainers. If heat-resisting alloy is employed, the effect 
of oxygen and sulphur is of course diminished as far 
as oxidation and gas corrosion is concerned, but cer- 
tain internal changes take place in the structure of the 
metal or porous spots develop leaks, due to the solvent 
effect of cyanide on the oxides in the porous area, so 
that the life of such pots is a hazardous gamble. The 
same is true, of course, with cast steel containers but 
the alloy pots are more difficult to cast solid. An alloy 
pot may last two months to two years but the high 
mitial cost causes the average hardening department 
to prefer the low priced cast steel container. 


Description of the New Furnace 


These preliminary remarks are given to convey the 
advantages we have found in a new development by 
the Ajax Electric Co. of Philadelphia, known as the 
Ajax-Hultgren salt bath furnace, whereby the salt is 
heated by its own resistance between electrodes within 
the bath and the pot is set into insulating fire brick so 
that all the heat generated by the current passing be- 
tween the electrodes is transferred directly to the molten 
bath and the wastage of fuel and destruction of pots is 
largely eliminated. While this is not the first time in- 
terior heating by electric units has been attempted and 
several methods have been described by Stansel,’ Russ? 
and Paschkis* yet the Ajax-Hultgren Furnace appears 
to be the most practical one offered for production salt 
bath hardening. 

The first production furnace installed in the United 
States was put into service at our plant, the Warner 
Gear Co., Muncie, Ind., Jan. 5, 1936. This furnace 
is simple in construction consisting essentially of a pot 
and two pair of electrodes, each pair serving as a heat- 
ing unit and generating heat by virtue of the resist- 
ance of the fused salts in the space between each 
electrode. A small transformer at the rear of the 
furnace, an immersed thermocouple in the bath, and 
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the usual automatic control apparatus complete the 
necessary equipment. A step-down transformer is re- 
quired owing to the low resistance of the molten sat, 
The rating is 50 k.v.a. 

The overall dimensions of the furnace are 57 by 46 
by 27 in. high. The pot is made of welded plate, 
rectangular in shape, and measuring 37 by 27 by 20 
in. deep. The furnace rests on skids so that it may 
be easily lifted by an elevating truck and moved to any 
location desired. Over the pot is a rolling cover which 
may be pushed out of the way when the furnace is 
being charged or the parts quenched. Figs. 1 and 2 
are illustrations of this furnace. Fig. 1 shows the posi- 
tion of the units and the rolling cover; Fig. 2 is the 
hooded furnace with a production heat in process. 

The electrodes are made of heat resisting alloy of 
suitable composition to maintain the correct potential 
and to prevent the heat from traveling back to the con- 
nections of the electrodes to the transformer. Each 
pair of electrodes is closely spaced from each other 
and this distance may be adjusted as desired. The 
electrodes are located on the same side of the bath so 
that the working space is kept distinct from the heat- 
ing zone. An alternating current is employed to pre- 
vent the electrolysis or decomposition of the salt which 
characterizes direct current heating. Fig. 3 shows a 
diagrammatic sketch of the principles involved. 

When the current is started, enough resistance is de- 
veloped between the electrodes to fuse the salts 


between them. By feeding more salt in the space be- 
tween the electrodes, a gradually increasing pol of 
molten salt is formed which continues to enlarcec by 
the flow of fused material until finally the entir: con- 
tents of the pot are melted. This particular pot jolds 


750 to 860 Ibs. of material depending upon w: cther 
cyanide or chlorides constitute the bath. The chl. vides, 


being of greater specific gravity, would of cou:-e re- 
quire more weight of salt. The same would be ‘ue in 
regard to the purity of the cyanide. The more i: ipure 


4 A.C. supply line 


wes t-Contactor 


ae “Pyrometer 


controller 


y Transformer 














Fig. 3. A Diagrammatic Sketch of the Principles Involved in the 
New Furnace. 


grades and the cyanide chlorides would be heavier than 
the 96 to 98 per cent grades. 

The time necessary to bring a cold pot up to a 
operating temperature of 1530 deg. F. was © hrs., 
which is equal to the time required by a gas furnace 
of the same size and capacity. Fortunately we had gas- 
fired furnaces of the same size for comparison. he 
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Fig. 4. Leeds and Northrup Chart Showing Temperature Control of Ajax-Hultgren Salt Bath Furnace under Production Operation. 


Heat treating cycle, 45 min. Temperature, 1530 deg. F. 


Low points in curve represent quneching and loading period. Note rapid 


recovery of temperature after loading and extreme uniformity at hardening temperature (straight line section of curve). 


current consumed during this period was 240 kw. hr. 
which, at le per kilowatt hour gave us an initial cost 
of $2.40 to bring the bath from initial fusion to work- 
ing temperature. 


Automatic Stirring a Feature 


A peculiar phenomenon occurs in the movement of 
the fluid whereby the molten salts are drawn between 
the electrodes and downward to produce a continual 


automatic stirring of the bath, which uniformly dis- 
tribuics the heat generated between the electrodes. This 
posit circulation is the result of the specialized 
electrde arrangement which utilizes the electro-mag- 
netic forces created at the electrodes. Consequently 
there 1s no local overheating and no excessive decom- 
posit.n of salt occurs at the electrodes, indicating that 
the | at is carried away as fast as it is generated. 
Fig. iows the check results obtained in various parts 
of th. furnace compared with the furnace thermo- 
coup! A maximum variation of 5 deg. was found. 


Th:. furnace was designed for a capacity of 350 Ibs. 
per hr, but, due to production necessity, only parts of 


bulky -haracter have been hardened to date as shown 
in Fig. 6. Hence all furnace data, including the thermal 
efficicricy, are based upon hardening conditions which 
are far from ideal and do not represent the maximum 


economy of the furnace. The total weight per heat is 
103 lbs. and the hardening cycle 45 min. and each piece 
must be individually quenched. The current consump- 
tion over a number of heats showed an average of 26.5 
kw, hr. At le per kilowatt hour the cost to heat treat 
137 Ibs. per hr. is 26.5c. This cost compares favorably 
with most gas or oil-fired furnaces based on 4 cu. ft. of 
1100 B.t.u. natural gas per pound of steel treated. 

Based upon the above production operations, the 
thermal efficiency of this furnace is 39 per cent. In- 
creasing the poundage per heat to the furnace capacity 
would no doubt increase this efficiency materially be- 
cause the radiation losses are more or less constant and, 
after the equilibrium was reached, the only additional 
current consumed would be that required to heat the 
steel. 

It is of course inadvisable to permit the salt to 
freeze in the furnace during short intervals of idleness, 


due to the expense and loss of time to bring the furn- 
ace up to heat again. It was decided therefore to hold 
the furnace at 1200 deg. F. or just above the freezing 
point of the salt over the week end and at other periods 
when the bath was not in use. As an example of the 
low radiation losses, it required 6 hrs. for the furnace 
to drop from 1530 to 1200 deg. F. To maintain it at 
this stand-by temperature beyond this first 6 hrs. re- 
quired 6.5 kw. hr. per hr. or a cost of 6%c per hr. To 
bring it back to 1530 deg. F. required an average of 80) 
min. and a current consumption of 48 kw. hr. and cost 
48c. The preceding is an average of several weeks’ 
checking of power consumption. The quick recovery 
of temperature is due of course to the direct generation 
of heat within the bath and the insulation surrounding 
the pot which reduces the heat losses. 

Due to the low voltage employed by means of the- 
transformer, there is no danger of the furnace opera- 
tor receiving any sensible shock from the current. On 
several occasions the work being hardened has acci- 
dentally touched the electrodes and the work was fused 
where the arcing occurred but at no time was there any 
realization of this by the workman, There is consider- 
able magnetic attraction for the steel by the electrodes 
when the cold metal is first placed in the bath but this. 
disappears after the steel is heated. 


Uniformity of Hardness 


It has been noted that the product hardened in this. 
furnace is much more uniform in hardness than the 
same work from the gas-fired salt bath furnaces both 
of which were in operation on the same parts. One 
reason for this is that the temperature can be held 
much more uniformly than is possible in the gas-fired’ 
furnaces for the latter will always float over or under 
the desired temperature in spite of the best automatic 
control. In the Ajax-Hultgren furnace production 
heats are run all day and night without a variation im 
temperature in excess of 5 deg. F. 

Fig. 4 shows a typical production chart from a Leeds 
and Northrup record on the electric furnace. The dip- 
in the curve is the period of unloading and loading the 
pot, for these are placed in the furnace one at a time 
and individually quenched. The quick recovery of 


Fig. 5. Ajax Furnace at Temperature with No Production. Note close automatic control. 
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temperature after loading is also illustrated. After the 
furnace is charged with work, between 10 to 12 min. 
is the total time required to bring the furnace back to 
1530 deg. F. In many heat-treating operations the time 
cycle could be materially shortened, due to the ability of 
the electrodes to supply the heat as needed. Fig. 5 
illustrates a section of a chart with the furnace held 
idle at 1430 deg. F. It brings out the accuracy of 
control. 
Life of the Pots 


One of the outstanding economies of this furnace is 
extended pot life. The pot material is merely welded 





Fig. 6. Parts Now Being Hardened in an Ajax-Hultgren Furnace. 


steel plate imbedded into the insulating fire brick. All 
scaling and corrosion incident to exterior heating and 
the high temperature of the combustion furnace, is 
eliminated. The outer surface of the pot, being pro- 
tected by the brickwork, is under no strain from the 
contents and can therefore be made of light metal. 
Neither the salts used in the cyanided or activated 
baths have any corrosive effects on steel, the only ac- 
tion betng one of gradual carburization and some crys- 
talline growth due to prolonged heating. Instead of 
an average of 6 weeks to 2 months pot life this spot 
has, to date, given 5 months’ service and a recent ex- 
amination showed no visible deterioration. It is yet a 
little early to determine just how long these pots will 
last but we estimate at least a year’s service. 

The cast steel pots used in the gas-fired furnace of 
the same size cost about $45 and weigh over 500 lbs. 
When a pot fails in these furnaces nearly 24 hrs. loss 
of production is experienced. The pot must be shut 
down, the cyanide or other salt ladled out, the furnace 
allowed to cool and, as soon as the pot can be handled, 
it is removed. Owing to the destructive action of the 
salt leaking into the combustion chamber, the surface 
of the brick must be relined with fire clay. A new pot 
is then installed, the salt remelted and the furnace 
again brought to temperature. Such a change costs 
about $20 or a total of $65 including the new pot. This 
procedure must be repeated every 6 weeks to 2 months. 
If one year of pot life is obtained, an obvious saving of 
$400 to $500 in maintenance cost would result which 
would easily pay the fuel cost for heat treating 100 
tons of steel in the Ajax-Hultgren furnace. 

It is a little early to determine the life of the elec- 
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trodes but these are relatively inexpensive and easily 
replaced. Up to the present time they show little signs 
of deterioration except where there was an accumula- 
tion of salt above the molten salt line permitting a 
short across the electrodes. This was due to failure to 
clean the space between each pair and was not due to 
corrosive action within the bath. 


Working Conditions Are Advantageous 


Another noticeable and important advantage is the 
better working conditions for the furnace operators, 
There is very little radiant heat. Cyaniding is one of 
the most unpleasant of all the heat-treating operations 
and anything which adds to the comfort of workmen is 
advantageous from a standpoint of health and labor 
turn-over. 

A certain amount of fume always attends salt bath 
hardening, due to vaporization and quenching. Scrub- 
bers to wash out these fumes will usually take care of 
the vapors from normal operations. The fumes which 
are really objectionable are those copious fumes which 
are caused by a leaking pot which allows the salt to 
drop into the hot combustion chamber of the gas or oil- 
fired furnace. I have never seen a scrubber which 
would efficiently remove the great clouds of vapor 
from the volatilized salts. When plants are located in 
residential neighborhoods, as they often are, this has 
been a source of annoyance and many claim it is de- 
structive to paint films and vegetation. With the .\jax- 
Hultgren furnace this condition cannot occur. 

It would be far-fetched to claim that this furnace is 
a panacea for defective hardening or that the work so 


treated is superior to the quality of product f: gas 
or oil-fired furnaces. Furthermore there are many 
other factors, other than the means of applying heat, 
which enter into metallurgical processes. Ho. ever, 
many of the variables occurring in prodiction 
hardening can be treated to the lack of clos: tem- 
perature control and the human element, and ai thing 
which minimizes the chance for error whether it be 
Electrooes Electroa 
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A- Furnace Couple 1560 Deg.F D-Check.Couple 1560 Deg.F 

B- Check Coupie 1560Deg.F E-Check Couple 1555 Deg.f 

C- Check Couple 1560 Deg.F F-Check Couple |560 Deg-F 
G- Check Couple 1555 Deg. F 


Fig. 7. Pyrometer Readings on Ajax-Hultgren Salt Bath Furnace in 
Various Portions of Bath Operating at 1560 Deg. F. 











mechanical or metallurgical is advantageous in elimi 
ating trouble and improving production quality and we 
believe this furnace is an advanced step in salt bath 
heat treating and will be welcomed by industries domg 
this class of work. 
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ickel Steels at Low Temperatures—| 


An Investigation of the Impact Properties of the 24% Per Cent Steels 


By B. GC. ALDRIDGE AND GEORCE C. SHEPHERD, JR. 


Development and Research Departments, Respectively, of the Union Oil Co. of California. 


INCE 2 to 2.50 Ni steel is a thoroughly proven material for low temperature 
use, this correlation of impact figures secured with various notches and specimen 
dimensions on several lots of such steel is very useful when that particular type 
of steel is under test. The reader should, however, be cautioned not to assume 
that similar correlation factors would necessarily hold for any other type of steel. 
Indeed, it would be most surprising if these particular factors would hold for those 
steels that, at some temperature range, do shift abruptly from a curve of high 
values to one of low values. In such a case one notch or one bar size might show 
acceptable values, while another notch or size, instead of being related by a factor 
predictable from these data for another class of steel, might drop to entirely un- 
acceptable values—a matter to be found out only by tests on a range of notches 
and sizes, 
It is to be hoped that similar correlation tests will be carried out on a wide 
variety of steels so that those classes for which definite correlation factors exist, 
and the actual factors, may be established as the authors have established them for 


this one type of steel—H. W. G. 


: 
: N [IE EARLY PART of 1933 the Union Oil Co. plate or castings, be successfully heat treated and at 
1 California, after several years of research the same time not be prohibitive from the standpoint 
- rk directed toward the manufacture of paraf- of cost. After preliminary tests on the most promising 
g finic ricating oils from mixed base crude oils, de- of the medium priced commercial steel alloys, a nickel 
e cided io install a propane solvent plant for the de- steel with approximately a 2.25 per cent nickel con- 
wax of lubricating oils from California crude oils. tent was selected, since it was felt that it would pre- 
F e design of a commercial plant the engineers sent the least fabrication difficulties and the cost of 
1 were imediately confronted with the problem of the steel was not out of line. 





what ctfect the low temperatures involved would have 
on the impact strength of the steels used in the manu- 
facture of the necessary pressure vessels, pumps, 
piping, valves, etc. The propane process ordinarily op- 
erates at temperatures varying from one hundred -de- 
grees ahr. (100 deg. F.) to temperatures as low as 
minus forty-five degrees Fahr. (—45 deg. F.), and 
in cases of upsets in the operation, temperatures as low 
aS minus seventy-five degrees are sometimes reached. 

In the studies of the literature on the subject of im- 
pact properties of steels at low temperatures, it was 
found that the available data were rather meager, 


Method of Making Impact Tests 


When testing the steel for its impact properties at 
low temperatures, the general procedure was as fol- 
lows: 


The impact specimens, other than those tested at a 
temperature of plus seventy degrees Fahr. (+ 70 deg. 
F.), were cooled in an acetone bath and the desired 
temperature was maintained manually by the addition 
of small lumps of carbon dioxide ice as needed. All 
specimens were subcooled to a temperature of three 
degrees Fahr. (3 deg. F.) below the desired testing 
temperature to compensate for any warming up of the 


al and in many instances, conflicting and confusing. In specimens during the approximate four second interval 

F general, the data covered small specimens of steel that oe removal of rs The handiit sp cooler ae 

AF. could be readily subjected to any heat treatment de- 9 os Eee nen porno a pony aac Be gn eh pguthnn 
sired. Th . R Su; | “es 3 . H ye 1 inf j rs C ee ge a gag ceed aiso oe Me bar oO 8a Sa a 
€ most usual treatment consisted of heat temperature as the specimens. Calibrated toluene ther 

»te ing the steel to a temperature above its thermal crit- mometers were used for the —50 deg. F. and —75 
ical point and quenching in oil or water, with a sub- deg. F. tests, and an accurate mercury thermometer for 
sequent drawing at temperatures below the critical. ee ore. © eee dee. F. toate. 

‘in- here are a relatively large number of steels that will The major portion of the impact tests was made on 

we give satistactory impact values at low temperatures a standard Charpy 217 ft-lb. machine which was cali- 

ath when subjected to the above heat treatment, but since brated to an angle of rise corresponding to approxi- 

ing some of the vessels required in the plant would weigh mately 0.1 ft.-lb. In some cases, however, we were 
lead tons each, it was evident at the start forced to employ an Izod type impact machine, which 
ment that os a Bee gg to use any type of treat- made it necessary to reduce the test results to some 
ial i bien Brie cr a sudden quenching of the common basis. Correlation of the test results was 

1932, could. in ny — ore, necessary to find a steel that further complicated by the fact that, due to thick- 

; orm of rather large and heavy rolled ness of some of the material used in the manufacture 
jol. 7 June, 1936—METALS & ALLOYS 
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ALL DIMENSIONS IN MILLIMETERS 


Fig. 1. Details of Impact Specimens. 
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fol. 7 


of equipment, it was not always possible to secure a 
test specimen of standard dimensions. 

As a means of correlating the impact values ob- 
tained by the different laboratories concerned with 
our work on the impact properties of various metals 
at low temperatures, we submitted specimens to these 
laboratories for impact testing. The specimens select- 
ed were taken from two separate nickel steel plates, 
and impact tests in duplicate were made by the labora- 
tories on specimens from each of these plates. 


It will be noted that the ASTM specimen is slightly 
longer than the ASST specimen (55 mm. as com- 
pared to 50.8 mm.), but, as the jaws of the anvil 
for both specimens are separated by a width of 40 
mm., this is believed to be of only minor import. 
The major difference lies in the method of notching 
and the amount of metallic area to be broken on im- 
pact. The ASTM and ASST standard specimens 
both have, in the unnotched condition, a cross section 
of 10 mm. by 10 mm. The notch in the ASTM speci- 


Table 1.—Comparison of Impact Test Values Obtained by Various Laboratories 


Relationship ot 
Major Axis of 


Relationship of 
Specimen to 


Axis to Keyhole Temp. 


a 


Charpy Impact Value, ft.-lbs. 


Direction Notch to Plane of Test, 
of Rolling of Rolling Deg. F. 
Longitudinal Parallel 70 
Longitudinal Perpendicular 70 
Transverse Parallel 70 
Transverse Perpendicular 70 
Longitudinal Parallel —50 
Longitudinal Perpendicular —50 
Transverse Parallel -——50 
Transverse Perpendicular —50 
Longitudinal Parallel 70 
Longitudinal Perpendicular 70 
Transverse Parallel 70 
Transverse Perpendicular 70 
Longitudinal Parallel —50 
Longitudinal Perpendicular —50 
Transverse Parallel —50 
Transverse Perpendicular —50 
ee WU ew) sdk Sac > Aerie ee ew ka 70 
TURE TC Sa eee, eo ee re —50 
ieee avate .-.4. 26", BAe ete os 70 
ic4C8R eae el ea eae ae —50 


Laboratory 


Laboratory II 


Aver. 


te No. 1 was a %-in. thick rolled nickel steel 


pl vhich showed the following chemical composi- 
ti 
Per Cent 
DOM “cabh sadadwhe’ 0cnar dicubandegas dss « 0.13 
CT PCR TOPE Te ee Terie mre 0.46 
N (CHR SE bane aides tacos cavsckegevesstoeese.s 2.11 


T only heat treatment given this plate was a 
dra at 1150 deg. F. 

Pliie No. 2 was a 13-in. rolled, 2.25 per cent 
nicke! steel plate which showed the following chemi- 
cal composition: 

Per Cent 


Carin) < .cietie cha it a 10's ob h'ss cP Ua enh 8468 0.27 
M SR ial ds 68k a eb Kaa bes Caealio bees. 0.66 
N SCRGIEE uns GEE «0 oc bhai ho 3d be wise 46's 2.41 


This plate was normalized at 1450 deg. F. for 1 
hr., and then drawn at 1200 deg. F. for 1 hr. Each 
of the laboratories machined standard American So- 
ciety for Steel Treating (now Amer. Soc. for Metals) 
Charpy impact specimens from the plates and notched 
them to conform to the ASST recommended, or as 
we shall term it for brevity, “standard” keyhole 
notch. In notching these specimens, particular care 
was taken by all the laboratories to insure that the 
standard ASST distance from the bottom of the notch 
to the bottom of the specimen was correct. The re- 
sults of these correlation tests are shown in Table 1. 

The tests show that the impact values obtained by 
Laboratory I are, in general, 2 to 4 ft.-lbs. higher 
than those obtained by Laboratory II, and that the 
values obtained by Laboratories III and IV are very 
similar and are, in general, 1 to 2 ft.-lbs. lower than 
those obtained in Laboratory II. 

The mechanics and technic of American Society 
r Testing Materials Tentative Standard E23, ‘“Ten- 
tative Methods of Impact Testing of Metallic Ma- 
terials,” are quite similar, with the exception of the 
impact specimen, to that employed by the various 
laboratories which we contacted. The ASTM Charpy 
Specimen is shown in detail A, Fig. 1, and the ASST 

atpy specimen is shown in detail B also of Fig. 1. 


fo 
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Laboratory III Laboratory I\ 
44.7 44.4 , 38.2 $2.4 
46.6 39.6 sds 38.2 41.5 
32.6 31.5 aa 27.0 30.3 
28.5 27.6 cee 28.2 28.1 
44.2 32.8 ae 38.5 36.2 
36.6 34.2 — 31.5 34.1 
26.0 22.5 eC 22.5 23.7 
25.0 22.4 i 23.8 23.7 
44.3 43.2 42.0 43.0 43.1 
45.9 44.4 43.5 43.0 44.2 
37.6 39.3 35.0 34.0 36.5 
35.0 34.1 36.5 31.5 34.2 
31.5 29.2 28.5 26.0 28.8 
30.6 29.0 25.2 28.5 28.3 
24.4 23.5 22.5 21.0 22.8 
23.7 21.8 22.5 23.8 23.0 
38.1 35.8 ‘ms 32.9 35.6 
33.0 28.0 ee 27.3 29.4 
40.8 40.2 39.3 37.8 39.5 
27.6 25.8 24.6 24.8 25.7 


men has a shallow ‘“‘V” outline and the notch has a 
radius of 0.25 mm. at its base. The notch in the ASST 
specimen has a keyhole outline and the notch has a 
radius of 1.00 mm. at its base. The notch in the 
ASTM specimen presumably would be made with a 
milling cutter, whereas the notch in the ASST speci- 
men is made with a drill followed by a saw cut. The 
base of the notch in the case of the ASTM specimen 
is, therefore, more apt to have striations longitudinal 
with the notch than is the base of the: ASST specimen 
notch, where such striations would be presumably 
helical. In the case of the milled 0.25 mm. radius 
notch of the ASTM specimen, it is believed that this 
notch is more likely to have a higher variation in its 
radius, due to differences and wear in the milling 
cutters, than is the ASST notch which is drilled with 
a 2-mm. drill. As will be shown later, the radius 
of the notch has an appreciable influence on the im- 
pact value obtained, and the smaller the radius the 
greater the possibility of error in the impact value 
which will be induced by errors in the radius of the 
notch. 

The ASTM specimen has a breadth of metal under 
the notch of 10 mm. and a depth of metal under the 
notch of 8 mm. The ASST specimen has a breadth 
of metal under the notch of 5mm. The ASTM speci- 
men, therefore, has an area to be broken under the 
notch of 80 sq. mm., whereas the ASST specimen 
has an area of 50 sq. mm., a ratio of 1.60 to 1.00. If 
we compare the moments of inertia of the metallic area 
under the notch on the basis of the BD*® (breadth 
times depth cubed) of the area, we find that the 
ASTM specimen has a BD* of 5120, whereas the 
ASST specimen has a BD® of 1250, a ratio of 4.10 
to 1.00. Table 2 shows the results of correlation 
tests made with the two types of specimens and Fig. 2 
portrays this correlation graphically. 

Undoubtedly, the ASTM notch (0.25 mm. radius) 
will cause much greater intensification of stress at 
the notch, due to its sharper radius, than will the 
ASST notch (1.00 mm. radius). On the other hand, 
the ASTM specimen will tend to absorb more energy 
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Fig. 2. Relationship Between Standard A.S.S.T. Charpy Impact Speci- 
mens (Keyhole Notch) and Standard A.S.T.M. Charpy Impact Speci- 
mens (Shallow “V” Notch). 


in rupture than will the ASST specimen, due to its 
60 per cent greater area to be broken and its ap- 
proximately four times as great moment of inertia. 
On the basis of the foregoing and the impact results 
obtained in this series, we can draw the conclusions 
that the influence of the notch is much more pro- 
nounced than the influence of areas, or moment of 
inertia in materials having a relatively low Charpy 
impact value, and as the Charpy impact value rises 
the influence of the area becomes more and more 


Table 2—Results of Charpy Impact Tests Made to Establish Correla- 

tion Values Between Standard ASST Charpy Impact Specimens (Key- 

hole Notch) and Standard ASTM Charpy Impact Specimens (Shallow 
“V" Notch) 


(These tests were made on a 1%-in. Lukens plate normalized at 


1450 deg. F. and drawn at 1200 deg. F., and having the following 
chemical composition: Carbon, 0.25%; nickel, 2.25%.) 
Charpy Impact Value, Ft.-Ibs. 
Temp. - “ ——~ Ratio * 
of ASST Specimen ASTM Specimen ASTM 
Test, — * — — ——*~ — to 
deg. F. Test 1 Test 2 Aver. Test 1 Test 2 Aver. ASST 
70 31.5 38.0 34.8 52.8 58.4 55.6 1.60 
0 28.6 25.9 27.2 26.7 28.1 27.4 1.01 
21.4 14.3 14.3 14 0.67 


—75 18.2 24.7 

* The ratio of the area broken in the ASTM specimen to the area 
broken in the ASST specimen is 1.60, and the ratio of moment of 
inertia of the area under the notch in the ASTM specimen to the mo 


ment of inertia of the area under the notch in the ASST specimen 
is 4.10. 


pronounced and the influence of the notch less and 
less pronounced. 

As the occasion sometimes arises in which it is de- 
sirable to obtain the impact value of material in thin 
sections, such as pipe, in which it would not be pos- 
sible to use a standard width ASST Charpy impact 
specimen, tests were made to determine the effect 
of reduced sections on the standard ASST Charpy 
impact specimen. In all these tests the cross section 
of the impact specimen normal to the axis of the key- 
hole notch was held at standard ASST Charpy im- 
pact specimen dimensions (10.0 mm. by 50.8 mm.). 
The cross sections of the specimen parallel to the notch 
(end view) were made 10.0 mm., 7.5 mm., 5.0 mm., 
and 2.5 mm. wide by 10.0 mm. high. Sketches show- 
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ing the specimens in this series of tests are shown 
in details B, C, D, and E of Fig. 1. It will be noted 
that in all these specimens only the breadth of the 
area under the notch was varied, the depth in each 
instance being held at the standard ASST dimension 
of 5.0 mm. This meant that the reduction in mo- 
ment of inertia of the specimens was directly propor- 
tional to the reduction in area. 

Table 3 details the results of the correlation tests 


Table 3.—Results of Charpy Impact Tests Made to Establish Correla- 
tion Values Between the Standard ASST Charpy Impact Specimen 
and Charpy Impact Specimens with the Standard ASST Keyhole 
Notch and of Standard Height But with Less than Standard Widths 


(These tests were made on a 1%-in, Lukens plate normalized at 
1450 deg. F. and drawn at 1200 deg. F. and having the following 
chemical composition: Carbon, $0.25%; nickel, 2.25%.) 

Width Ratio 

of Area Temp Charpy Impact Value, Theo- 

Speci Broken to of Ft.-lbs. retical ctual 
men, Standard Test.  — A - Multi- M ulti- 

mm. Area deg. F. Test 1 Test 2 Aver. plier ® er » 

10.0 1.00 70 31.5 38.0 34.8 1.00 

10.0 1.00 0 28.6 25.9 27.2 1.00 1a 

10.0 1.00 75 18.2 24.7 21.4 1.00 OU 

7.5 0.75 70 30.9 24.0 27.4 1.33 7 

y 0.75 0 21.9 22.1 22.0 1.33 4 

7.5 0.75 —75 16.8 18.2 17.5 1.33 2 

5.0 0.50 70 19.9 19.5 19.7 2.00 7 

5.0 0.50 0 16.7 17.0 16.8 2.00 2 

5.0 0.50 —75 13.7 13.8 13.8 2.00 S 

2.5 0.25 70 ¢.2 11.4 10.3 4.00 8 

2.5 0.25 0 8.7 9.0 8.8 4.00 

2.5 0.25 75 8.2 7.0 7.6 4.00 

® Theoretical multiplier necessary to obtain standard impa alue 
based on ratio moment of inertia of the area broken in specim« ted 
to moment of inertia of the area broken in standard specimen. 

b Actual multiplier necessary to obtain standard impact valu on 


actual impact values obtained. 


on the standard and reduced section ASST spe ns. 
It will be noted, for a given reduction in are: be 
broken, that although the reduction in impact \alue 
is roughly proportional to the change in cross s: tion, 
the reduction in impact value is also a function «; the 
brittleness of the material. As with the ASTM -peci- 
men previously discussed, the influence of the notch 
is more pronounced in the more brittle specimei-, and 
we would, therefore, expect that the more | rittle 
the material, the less the impact value would je re- 


duced by reducing the cross section. Fig. 3 shows 
the relationship between the multipliers necessary to 
obtain the standard ASST Charpy impact value for a 


Fig. 3. Relationship Between Brittleness of Steel and Multiplier 
Necessary to Obtain Standard Impact Value When Testing Speci- 
mens of Reduced Width. 
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moment of inertia but only half the breadth of the 
a standard specimens, gave results somewhat lower than 
the results obtained with the standard specimens. Ap- 
parently there is a distinct correlation between the brit- 
” tleness of the specimen, the moment of inertia, and 
hate are “ok ler the notch. In all tl 
MM the area to be broken under the notch. In all the 
co notched base impact tests we have made, the values 
e+ tend to approach the theoretical results based on mo- 
po ment of inertia as the brittleness decreases. Corre- 
Us lation curves for these two types of specimens with 
=o the ASST standard Charpy impact specimen were 
a= . - . ean~n 8 - . 
o 30F derived from the curves in Fig. 5, and are presented in 
Ue Fig. 6. 
4: po ; 
o- Tests were also made to determine the correlation 
Re existing between the “U” notch and the keyhole notch 
; Charpy impact specimens. Detail G of Fig. 1 shows 
r the “U” notch specimen. Fig. 7 presents the results 
3 10 obtained in these correlation tests. As would prob- 
ably be expected, the impact results obtained by both 
the “U” notch and keyhole notch Charpy impact speci- 
0 > . . rea > atre > re ac 
9 0 20 30 40 50 60 mens gave equivalent values. ey 
Charpy Impact Value, Foot- Pounds For Additional tests were made to correlate the ASST 
tts ina apate py calito, taped tandard Charpy impact specimen with the standard 
= as standar¢ arpy impact specimen w e standarc 
Fig. 4. Relationship Between Values Obtained with Modified A.S.S.T. Cadet” tebe ‘isa ‘ tat detell Thiat Be % 
Specimens and Standard Ten Millimeter A.S.S.T. Charpy Impact 4z0G lnpact Specimen, SHOWN i Cetal Or Pig. i. 
Specimens of Varying Degrees of Brittleness. The Izod impact specimens were 10.0 mm. square, 
130 mm. long, with three notches, one notch on each 
iG specimen and the brittleness of the specimen. of three sides of the specimens. The first notch was 
; if be noted that the less brittle the specimen be- 28 mm. from the end of the bar and the other two 
CO and hence the less the effect of the notch, notches were spaced 28 mm. on centers from the first 
he re nearly does the multiplier approach the notch. The notches were shallow “\V” shaped and 
t ; I I 
Tab -Summarization of Tests Made to Determine the Effect of Charpy Impact Specimen Size and Shape on the Impact Value Obtained 
y 
Dimensions of Specimen, mm. Dimensions Charpy _ 
Temp. — —_——__ - —, Under Notch, mm. Impact Value, Ft.-lbs 
Mat of Test Thick- — —-—-*- — No. of pane “ Multi- 
Si deg. F. Length Breadth ness Depth Breadth BD* Tests Min. Max. Aver plier * 
; . i! 70 50.8 10 10 5 10 1250 3 27.3 41.3 39.5 1.00 
mate \ ww. cov avee eben 70 50.8 10 5 5 5 625 3 22.0 22.9 22.4 1.76 
, mee N\ ... eee 70 50.8 11.3 5 6.3 5 1250 3 34.6 39.6 6.8 1.07 
, 
ee aie, joe 50.8 10 10 5 10 1250 3 25.6 25.7 25.7 1.00 
7 Bae 1 ow. et eens 0 50.8 10 5 5 5 625 3 14.6 16.7 15.6 1.65 
h Plate cesueneae 0 50.8 11.3 5 6.3 5 1250 3 19.0 23.8 21.4 1.20 
d Plat Love uy, See 50.8 10 10 5 10 1250 3 19.9 24.6 22.4 1.00 
Plat Terr |! 50.8 10 5 5 5 625 3 13.1 15.7 14.4 1.56 
e eZ ......cnc0mele 75 50.8 11.3 5 6.3 5 1250 16.5 19.5 18.2 1.23 
i | Casting W ........ ios =e 50.8 10 10 5 10 1250 3 9.8 11.2 10.4 1.00 
Ss es W ..ccesuneun —50 50.8 10 5 5 5 625 3 6.5 7.6 7.1 1.47 
Seg W ..scsceeuaet 50 50.8 11.3 5 6.3 5 1250 3 7.7 6 3.1 1.28 
0 “ 
a Act multiplier necessary to obtain standard impact value based on actual impact values obtained. 
~. theoretical multiplier which is based on the change in had a radius of 0.67 mm. at the base of the notch. 
i- moment of inertia only. The area under the notch was 10.0 mm. in breadth 
From the curves in Fig. 3 a series of curves as and 8.0 mm. in depth. The bars were supported as 
shown in Fig. 4 has been derived, showing the rela- 
tionship between the Charpy impact value obtained Fig. 5. Relationship Between Brittleness of Steel and Multipliers 
on the modified specimens and the standard ASST Necessary to Obtain Standard Impact Values When Testing Speci- 
Charpy impact specimens mens of Varying Areas and Moments of Inertia. 
: act § SB. : 2.00 , 
In all the toregoinp tests the cross sections were 
reduced proportionately to the amount of inertia. In et 
order to determine the effect of reducing the cross mm p° 
ag without reducing the moment of inertia, ad- 5 , ot o A 
ditional correlation tests were undertaken. Tests cu - 
me made on companion specimens taken from plates BS 6, sO 
and castings of varying brittleness in order to cover ian KS 
- , 4 r es . - . ©) 
as W * range of impact values as possible for the £5 
al. Be 23 “aa, Sate ' 22 
thie ation tests. Sketches of the specimens used in 5 ee 
us series of tests are shown in details B, D, and F bn, 
of Fig, l.  @. S 
E . . ‘ bed L 
a (SS ‘ag of these correlation tests are summarized ar, 
will op 4 and portrayed graphically in Fig. 5. It a 
f ) > - - ‘ . 7 . . 2 
fied re ote that the results obtained with the modi- > 
( » . ° 
otice, mm. by 10.0 mm. specimens agree quite well 
0 tiemts € correlation previously obtained. The 5.0 005 (0 20 30 40 50 60 
- by 11.3 mm. specimens, which have the same Standard Charpy impact Value, Foot- Pounds 
une 
ol. 7 June, 1936—METALS & ALLOYS 151 





cantilevers and three fractures were made on each 
bar, one fracture being made from each notch. The 
bar was brought to the correct temperature of test 
for each notch. 


Izod and Charpy Specimens Compared 


The most significant differences between the Izod 
and Charpy impact specimens are: 


1. The Izod specimen has a shallow “V” notch with 
a radius of 0.67 mm. at the base of the notch, and the 
Charpy specimen has a keyhole notch with a radius of 
1.0 mm. at the base of the notch. This means that a 
greater intensification of stress will be obtained in the 
metal under the Izod notch than in the metal under 
the Charpy notch. 

2. The Izod specimen is tested as a cantilever and 
the Charpy specimen as a simple beam. 

3. The Izod specimen has a breadth under the notch 
of 10.0 mm. and a depth under the notch of 8.0 mm., 
giving it an area of 80 sq. mm., and a BD* (given as a 
measure of the moment of inertia) of 5120. The 
Charpy specimen has a breadth under the notch of 
10.0 mm., and a depth under the notch of 5.0 mm., 
giving it an area of 50 sq. mm., and a BD* of 1250. 
This means that the Izod specimen has 1.6 times the 
area and 4.1 times the moment of inertia of the Charpy 
specimen, indicating that the Izod specimen will tend 
to absorb more energy in rupture than will the Charpy 
specimen. 
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Standard Charpy Impact Value, Foot: Pounds 


Fig. 6. Relationship Between Impact Value Obtained with Modified 
A.S.S.T. Charpy Impact Specimens and Standard A.S.S.T. Charpy Im- 
pact Specimens. 


Correlation tests were made on 27 Izod and Charpy 
test specimens. Three tests were made on each of the 
27 Izod bars. The results of the correlation tests 
are shown graphically in Fig. 8. In plotting Fig. 8, each 
of the three Izod values obtained was plotted against 
the Charpy impact value obtained with companion 
specimens. It will be noted that the Izod test is ap- 
parently much more erratic than the Charpy test. 

It will also be noted that the ratio between the 
values obtained with the Izod and Charpy specimens 
increases as the inherent brittleness of the specimen 
decreases, and that the correlation values tend to ap- 
proach the theoretical values based on moment. of 
inertia as the brittleness becomes less and less. The 
curve is of the same general type as that obtained 
in correlating the ASTM and ASST Charpy impact 


152 





specimens. It will be noted, however, that the reduc- 
tion of impact value with the more brittle specimens 
is nowhere near as marked in the Izod specimens 
as it is in the ASTM, and that the Izod specimens 
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Charpy Impact Value, Foot- Pounds 
Keyhole Notch Type Standard ASST Specims: 


ton) 


Fig. 7. Relationship Between Standard A.S.S.T. Charpy |mpact 
Specimens (Keyhole Notch) and A.S.S.T. Charpy Impact Specimens 


(“U” Notch). 


ASTM specimens. Both the ASTM and Izod s; 
mens have over four times the moment of i: 
of the Charpy specimen; the ASTM notch 
radius of 0.25 mm., the Izod notch has a radii 
0.67 mm., and the Charpy notch has a radius « 
mm. It is, therefore, to be expected that the 


eCi- 
rtia 
iS a 
S of 
1.00 


ffect 


of the notch, in producing intensification of tress, 


would be less marked in the case of the more 51 
materials with the Izod specimens than wi 
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‘ittle 
the 


Fig. 8. Correlation Between Standard A.S.S.T. Charpy Impact Speci- 


mens and Standard Olsen Type Izod Impact Specimens. 


ASTM specimens, although in both the Izod 


and 


ASTM specimens, the influence of the notch becomes 
more and more pronounced and the influence of 


moment of inertia less and less pronounced as 
specimens become more brittle. 
(To be continued) 
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Notes in the History 
of Metallurgy 


Russell W. Davenport 


By H. W. GILLETT 









ROUGH THE COURTESY of Messrs. A. J. the important iron and steel works of England, Wales, 
adhams, and H. J. French of the International France, Austria, Germany and Belgium. 
kel Co., we have been loaned a copy of a biog- On his return to the United States a former room- 
rap! f Russell Wheeler Davenport, G. P. Putnam’s mate, Chas. A. Brinley, who had been chemist at the 
Sons, 1905, 79 pages 1849-1904, with the suggestion Midvale Steel Works, was put in charge of the metal 
that i: might well be abstracted as one of the series of lurgical department, and the vacant post of chemist 
sket: on metallurgical history, inaugurated in these was taken by Davenport in 1874. 
pages several years ago by the late L. W. Spring. The scientific method had been adopted at Midvale 
Da\cnport’s name was new to us, as it will be to on Brinley’s arrival and he was bringing order out of 
, most our readers, for he was one of the un-adver- a chaotic condition left by Butcher, the original opera- 
f tised } oneers. Yet he seems to have been the father tor of Midvale, but not without opposition from the 
) of the heavy-forging industry in the United States. practical men in the works who objected to being 
Da\. port was of an old New England family, an taught by college boys. However, Brinley and Daven- 
;, ancestor landing in Boston in 1637. His great-great- port succeeded in making crucible quality steel in the 
e great »' andfather was a Yale man, as was each of the open-hearth, and put the plant on a paying basis, being 
e intervening ancestors. Davenport was graduated from backed up by the president, Williams Sellers. Within 
Sheffie!:| in 1871, having stroked the Sheffield crew, and a year after Davenport came, the superintendent died, 
inaugurated the use of the sliding seat. The academic srinley became superintendent and Davenport in turn 
department of Yale looked down upon “Sheff” in those moved up from the laboratory to take charge of 
days and the Sheff engineers were not eligible for the melting. 
Yale crew. But after Davenport’s crews had licked the Once the plant knew how to make really solid steel 
academic varsity for a couple of years, the Sheff men ingots, its product became popular for big forgings, 
were declared eligible. It is considered that Davenport locomotive axles and the like, and from the reputation 
may fairly be called the father of Yale rowing. thus built came the first order given by the Govern- 
His graduating thesis was on ‘“‘Hot Blast Applied-to ment to an American manufacturer for gun forgings. 
Iron Melting.” After a year as instructor in chemistry This order, in 1875, was for howitzers for the coast 
at Sheff, he went abroad to study at the School of guard, used to throw lines to ships in distress. 


Mines at Berlin, learned puddling in Silesia, and visited This turned Midvale’s attention to gun forgings, and 











A Large Crankshaft Built Up 

of Several Forgings. (Cour- 

tesy of Bethlehem Steel Co., 
Bethlehem, Pa.) 
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A Large Hollow Steel Forging Ready for Closing the Ends. (Courtesy 
of Bethlehem Steel Co., Bethlehem, Pa.) 


in 1882 they inade the forgings for the Navy’s first 
6-in. all-steel rifled gun. Davenport became superin- 
tendent in 1882 and upon him fell the supervision of 
this job. 

Another task was rolling the I-beams, etc., for the 
rooklyn Bridge, which was done in the mill set up by 
utcher but unused for many years, so that Davenport 
had to start from scratch, with no one at Midvale with 
experience in rolling. 

for more than 10 years there was only one plant in 
the country, Midvale, which would undertake to mee! 
the Army and Navy specifications for gun forgings. 
Davenport's reputation in this field was so preeminent 
that when, in 1888, Bethlehem decided to go into the 
ordnance game, Davenport was chosen as assistant to 
John Fritz. 

When Davenport left Midvale, some 400 of the em- 
ployees surrounded his house to bid him farewell, and 
give him a watch with a charm in the miniature like- 
ness of a 6-in gun. Davenport’s reply is given in some 
detail. It recounts the crisis at Midvale before Brin- 
ley’s time, due to lack of “accurate chemical knowledge 
of the difference between good and bad steel,”’ how the 
scientific method brought a reputation for quality steel, 
and mentions that, in his 14 years at the plant, there had 
never been a strike. 

Bethlehem had made a huge investment in its plant 
for guns and armor plate. It had made arrangements 
with Whitworth of Manchester and Schneider of 


}} 
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Large Rough Steel Forging with Closed Ends Ready for Machining. 
(Courtesy of Bethlehem Steel Co., Bethlehem, Pa.) 





Creuzot for drawings of machinery and for aid in 
erecting and operating the equipment, but, even though 
the plant was equipped for production of larger pieces 
than these foreign plants, with Davenport’s help it was 
able to put the program through without having to call 
for help from abroad. 

In 1886 Bethlehem had bid on Navy contracts for 
gun forgings and armor plate and manufacture began 
in 1888, with Davenport as expert adviser. By 1889, 12- 
in gun forgings and 3-in diameter shafts for Nayy 
cruisers were being made. The first armor plate, 
tested in 1891, proved to be the best made anywhere to 
that date. In 1893 Davenport became general manager 
at Bethlehem. 

In 1894 Harvard gave him an honorary A.M. degree 
for his metallurgical achievements and for ‘his services 
to the Government in putting the manufacture of guns 
and armor at Bethlehem into the front rank among na- 
tions. In 1898, Yale came across with a similar de- 
gree. In the citation, a statement from an army officer 
is quoted which says that, almost unaided, it was 
Davenport who brought the method of manufacture of 
steel for guns and armor to its high standard. 

Technical papers from Davenport’s pen appeared in 
the Transactions of the Society of Naval Architects in 
1893, and in Cassier’s Magazine in 1897. 





Steel Forging of a 66-In. Pipe Section. (Courtesy of Bethlehem Steel 
Co., Bethlehem, Pa.) 


Davenport’s next step was to the Cramp Ship & En- 


gine Building Co. in 1903, which was building for the 
Navy the ships upon which were used the guns and 
armor supplied by the firms he had helped build up. 
Cramp’s was in need of refinancing and of new 
management, and Davenport was chosen to give them 
the necessary technical and managerial talent. After 
3 months as “Expert Assistant to the Executive Com- 
mittee,” he became general manager. He applied 


methods similar to those he had used in keeping track 
of metallurgical material in the course of manufac- 
ture, and was making the same sort of a record as an 
administrator as he had previously made as a mamt- 
facturer, when he died of pneumonia after less than a 
year with Cramp’s. 
Davenport was of the era before metallurgical 
courses were available as such, and like several other 
metallurgical pioneers, he came into the industry trom 
the chemical side and picked up his metallurgy by Vi 
tue of being well grounded in scientific thought from 
his chemical training. His interest was in metallurgy 
from the outset, as is shown by his thesis subject. _ 
His ability and personality have their monuments 
in the present Midvale and Bethlehem plants, still the 
leaders in the production of huge forgings of high 
quality, and still operating under the scientific met 
that worked out so well as Davenport applied it. 
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The Role of Films in the 
Electrodeposition of Metals— 


A Correlated Abstract 
By WALTER R. MEYER 


Electrochemist, General Electric Co., Bridgeport, Conn 


Concluded from the May Issue 


Polishing Films not greater than two or three unit cells and hence was 

RINDING, IN WHICH COARSE ABRA- essentially amorphous. J. T. Randall and H. P. 

SIVES are used, may be regarded almost Rooksby*® also concluded that a certain amount of 
entirely as an abrading process in which sur- amorphous metal was formed on polishing. 

face removal 1s accomplished by successive furrowing, F. Kirchner’? suggested that the presence of only 

but polishing in the metallographic sense and com- the two diffuse rings found by French could be ex- 

mercial buffing involve an entirely different method of plained without assuming the presence of amorphous 

































surface alteration. The study of the mechanism of metal. Kirchner stated that a polycrystalline metal 
) polishing has extended over the past 30 years with surface under bombardment by electrons at a 
microscopic observations, which are augmented today grazing angle gives sharp diffraction rings if the sur- 

by electron diffraction and photochemical technique. face consists of small lumps which are thin enough to 

Rolert Hooke,’® 270 years ago, showed that grind- allow the electrons to pass through. These lumps act 
ing | an abrasive resulted in a series of grooves as a grating, but they are levelled by polishing. L. H. 
whi ecome progressively smaller and smaller as the Germer*® made a similar suggestion to that of Kirch- 
gral -e diminished. Lord Rayleigh’ and F. Os- ner and calculated that if a polished nickel surface 
mon id G. Cartaud™ first indicated that polishing (inner potential of 15 volts and electron beam voltage 
was cess in which the surface irregularities were of 50,000) consists of minute crystal faces at slightly 
smo: | out rather than ploughed away. They re- different angles, the maximum deviation from the 
gard: ie process as being almost a molecular one. mean plane of the surface being one-half a degree, 

Spru and E. Cohen*® noted differences in such then the diffraction rings would be sufficiently widened 

physic) properties as solubility, electrical nature and to merge into one another. Darbyshire and Dixit®? 

parti: ly a peculiar photographic reactance between OPP eae! 

the p ed surface and the normal metallic surface. : 

Beil!) ,“! in a series of papers from 1903 onward, as Ddetitii aimee x. _-- Cathodle 

a resuli of microscopic observations on polished metals haha, a 

and noi metallic solids, concluded that the action of teak entry 2}. Anoole block 
eel polishing was to cause the surface layer of metal to Watticcbiiin.t. 1% tithe Temurvne 

flow | a liquid, which congealed rapidly without | i, IRN 

crystallizing, resulting in a thin amorphous or as he | ay: 

‘n- termed it, “vitreous” layer. He demonstrated that Collimating ea ae 

the even in the case of a hard brittle metal such as specu- aac e ee ee 
nd lum metal, light polishing with the finger or a soft = 

up. leather applied by hand is capable of imparting sur- 

ew face mobility to a layer of molecular thickness, which 

em may flow over scratches or imperfections and produce 

ter 4 mirror finish. Tutton’? claims that the abrasive -->7 Standard 
ym- particles which produce the mirror finish are smaller oS gerte 
lied than 5000 A, and that they are two or three times the a 

ack wave length of light. Adam**® accepted Beilby’s views 

fac- that the polished surface is amorphous but did not con- 

; an sider that the metal actually liquefied in the process of Specimen 

ynu- ; polishing. . Section 

an a The invention of the electron diffraction camera** 

Supplied a new tool for the examination of the struc- Fig. 3. Precision 
gical lure of polished surfaces because of the low penetrat- Window ~~. 4 y a ae eae, 
ther | ing Power of the electron, being of the order of 100 A < Atte r C. ?. 
irom (Fig. 3). Thus the diffraction and refraction effects \ eoree °'"9—- Thomson and 
vit- a due to a surface condition and are not from the Serare LL ——— hy’ Willman. 
from ne y of the metal. R. C. French*® appears to have — 
urgy oe de one to use the electron diffraction camera confirmed French’s findings for the same and other 
© Sahota of polished surfaces. When a polycrys- metals. They concluded that the atoms in the polished 
nents ian — al was polished, the characteristic ring pat- layer undergo a very close packing, with interatomic 
HI - the “+ createed and the diffuseness increased as distances much smaller than the distances in the 
hig ret Ing was continued until only two broad dif- normal crystal lattice. The abnormally small size of 
ethod ud “y maxima were obtained. From this he con- the atoms is believed to be due to stripping of elec- 
é “ded that the crystalline size of the seilby layer was trons from the outer electronic shell by the polishing. 
Nol. 7 lune, 1936—METALS & ALLOYS 
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They obtained no support for the Beilby theory for 
heteropolar bindings, such as in galena or pyrites. 
Finch, Quarrel, and Roebuck*’ offer new evidence 
which they conclude definitely establishes the amor- 
phous nature of the Beilby layer. When thin layers of 
zinc were deposited upon polished copper, rapid dif- 
fusion took place, but when the polishing film was pre- 
viously removed by etching, the deposited zinc film 





Fig. 4. Sub-Surface Effects of Polishing on Lead-Antimony Alloy. 

“'N’’ is 0.0005 in Ni, “*C’’ is 0.0005 in Cu and “A” is a zone of antimony 

precipitated out of solid solution of the lead crystal by polishing previous to 

plating. The alloy contains 7 per cent Sb and was cast in a chilled mold. After 
Meyer and C. Heloule.® 


diffused at a much slower rate. With a sufficiently 
thick zinc deposit, the Beilby layer became saturated 
and the zinc film then persisted indefinitely. Thirty 
seconds deposition of zinc sufficed to form a perma- 
nent crystalline layer on crystalline copper, whereas 
a 3-minute deposition was necessary when polished 
copper served as a base metal. 

Much weight has been put upon this paper as evi- 
dence of the amorphous nature of polished surfaces 
but to the writer the microcrystalline viewpoint of L. 
Hamburger can account for the same effects. H. 
Raether,*! also using electron diffraction methods, 
reported that an amorphous film is formed by polish- 
ing metals. G. P. Thompson, in a discussion of the 
small scale structure of metals, cited evidence that the 
assumptions of Kirchner and Germer were false. At 
the symposium of the Faraday Society on metal sur- 
faces, H. G. Hopkins®? reported the thickness of the 
amorphous layer on gold to be about 30 A. with a 
gradual increase in crystal size below the polished sur- 
face. C. S. Lees,® using electrolytic etching for 
removal of the amorphous layer, determined that the 
amorphous layer was 20 to 40 A., depending upon the 
method of polishing (Table 2). A layer of oriented 
crystallites was found beneath the amorphous layer. 

If the results of the electron diffraction work on 
the structure of polished metal surfaces are accepted, 
we must certainly regard the Beilby layer to be amor- 
phous. It must be remembered, however, that the 
electron diffraction results are of doubtful significance 
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when the particle size is of the order of a few atomic 
dimensions. If the amorphous state is regarded as 
completely isotropic, then we must withhold judgment 
on the Beilby layer, but if a quasi-isotropic, colloidal 
state is regarded as amorphous, then the amorphous 
nature of the Beilby layer has been established by sey- 
eral methods of attack. In this connection, Kirchner 
reported the interesting observation that when poly- 
crystalline gold films of about 100 A. thickness were 
subjected to rapid electron streams, on the one hand 
by transmission and on the other by reflection, the 
transmitted rays furnished sharp interference rings, 
whereas the reflected rays gave only two very diffuse 
broad maxima, of the same nature as those which can 
be obtained from polished surfaces! The inference 
as to the validity of deductions from the work with 
reflected electrons is obvious. 

The works of L. Hamburger,®® have been generally 
overlooked in the study of the structure of the Beilby 
layer. Hamburger’s conclusions, which were based 
on ultra-microscopic “development” of polished sur- 
faces, reconcile the amorphous and crystalline view- 
points of the Beilby layer. Hamburger’s conclusions 
in brief are: 

Table 2. Thicknesses of the Beilby Layer with Different Polishing 
Technique—After C. S. Lees” 


Method of Approx. size 
polishing Depth Structure of crystals Voltage 
(a) 0 A. Amorphous 1 kV. 
$5 Oriented 170 A. l 
190 Non-oriented 130 5% 
(b) 0 Amorphous ) 
27 Oriented 90 ) 
55 Oriented 90 7 
80 Oriented 90 
130 Oriented 90 19 
190 Oriented 90 3 
300 Oriented 90 
460 Non-oriented 130 ; 
(c) 0 Oriented 20 3.Ci«V.. 
70 Oriented 70 8% 
175 Oriented 70 22 
850 Non-oriented 100 24 
The crystals in the oriented layer are not much sma than the 
non-oriented crystals beneath. In the case of the specimer lished by 
method (a), the thickness of the oriented layer is about il to the 
size of the crystals of which it is composed. 

1. Polishing is primarily a chip removing process ac- 
companied by absorption effects. The size of tic chips 
is between 3 and 30 atoms. 

2. In a later phase of polishing, a portion of the 
“flowing” amicrons adhere to a portion of the worked 


surfaces, notably in holes and crevices. Actual :nelting 
of the surface is not implied. In the resultant mirror- 
like surface, the mean particle size is small in com- 
parison with the wave length of visible light but large 
in relation to atomic dimensions. 

3. The carefully polished surface of a crystalline sub- 
stance at room temperature consists of laminae of 
oriented crystallites of microscopic magnitudes which 
show a frequency of particle size. The polish extends 
inward to the basis metal by a transition layer of larger 
crystals. The nature of the polished layer is compli- 
cated through absorption, impurities, the presence of 
distorted transition zones between the. crystallites, and 
more generally by a physical metastability. Hamburg- 
er’s interpretation would account for the diffuseness 
of the’electron diffraction patterns by the poor resolving 
power of the micro-crystals. 


The work mentioned thus far has concerned itself 
chiefly with the structure a few hundred Angstrom 
units thick. The sub-surface effects of polishing are 
greater the harder the degree of work upon the sur- 
face (Fig. 4). The X-ray is obviously more suitable 
for studying the sub-surface effects of polishing, 
machining, etc. W. Boas and E. Schmid,®* using 
Laue reflection diagrams of cut and polished copper, 
zinc, and aluminura, measured the depth of penetration 
of the effects of polishing. A distortion effect pen® 
trated more than 2.5 x 10°A below the surface © 
polished copper. The transition from the orient 
crystallites to the distorted unoriented crystals W® 
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sharp, but the transition from the distorted crystals 
to the undeformed basic crystals was gradual. Bito®*’ 
studied the surface hardening effects from polishing 
carbon steels with alundum wheels. For carbon steels 
the results were negative, but with a special armor 
plate a martensitic structure was obtained to a depth 
of 5x 10°A. from the surface. The Shore hardness 
increased from 30 to about 70. 

In concluding the discussion of the effects of polish- 
ing, the slightly irrelevant work of Ananiaschwili and 
Gogoberidse®® on the nature of twinned crystal inter- 
faces may be mentioned. From Debye pictures the 
authors concluded that a finely crystalline layer exists 
between adjacent twin crystals, contradicting previous 
assumptions of an amorphous layer or of direct contact 
ot twins. 

The mode of formation and the probable structure 
of passive films and polishing films have been described. 
We will now consider the effects of the substrate on 
spluttered films and the effects of the basis metal and 
its films upon the structure of the electrodeposit. 


Structures of Thin Films on Various Sub-Strates 


A short review of thin films deposited chiefly by 
cathodic spluttering will be presented because of the 


possi le analogy between their structure and the struc- 
ture | the first films of comparable magnitude which 
are (vposited by electro-deposition. Zofja Debinska,®® 
study ng thin films of platinum, copper, and nickel a 
few limicrons in thickness, found a marked orien- 
tation \»etween the microcrystals and the material car- 
rying jie film, and the regularity of orientation was 
som t dependent upon the nature of the sub-strate. 
G. | omson,!”® using his electron diffraction cam- 
era, rmined that gold spluttered upon gold and 
quart as deposited in a polycrystalline condition. 
Thom-., Stuart, and Murison!! deposited films of 
platinu:: in various gases by cathodic spluttering and 





Fig. 5. Continuati 
with nitric 


found that the deposited metallic layers showed struc- 
tures similar to the ordinary metals, although dis- 
persion was evident to an extreme extent. Lassen and 
Bruek’’* condensed very thin silver films in a vacuum 
upon rock salt and decided that the orientation and 
formation of silver monocrystals depended upon the 
orientation and the temperature of the rock salt. In 
a recent publication, G. Tamman?* reported that the 
structure of thin metal films is always crystalline, but 
that, owing to the minute size of the particles, which 
are mostly mono-crystals, the number of crystalline 
centers is very great. It may thus be seen that the 
evidence indicates that the basis metal has definite 
orientive effects upon the crystals of thin films and 
that these films are usually crystalline. 


Relationship Between Structure of Basis Metal and 
Electrodeposit 


As recently as 1922, H. S. Sand’? and W. E. 
Hughes!’° were skeptical of the influence of the crys- 
talline structure of the basis metal upon the structure 
of the electrodeposit. Huntington’ first noticed that 
the microstructure of the copper deposit could be in- 
fluenced by the structure of the copper upon which it 
was deposited. In 1916, G. B. Hogaboom?® called 
attention to the probable effects of the basis metal upon 
an electrodeposit, and in 1921'°® he pointed out that 
one of W. Blum’s photomicrographs!” of alternately 
deposited metals showed reproduction of the rolled 
copper base in the electrodeposit. How well the view- 
point of Hogaboom at that time has been substantiated 
today ! 

W. Blum and H. S. Rawdon,!!! two years later, 
presented photomicrographs of copper electrodeposits 
on cast and rolled copper in which an extension of 
the crystals of the basis metal was clearly evident in 
the deposited copper. A nitric acid dip was used to 
remove polishing films from the basis metal to expose 





nuation of Crystal Structure of Cast Copper by Electrodeposited Copper. The copper in the photomicrograph (left) was etched 
acid before it was copper plated. The continuation of the basic metal by the copper plate is clearly observed. The cast copper 


oh @ photomicrograph (right) was not etched before being copper plated. No continuation of the basic metal crystals is visible. For both 


Photomicrographs zone 


“A” is the basic cast copper, zone “B” is the electrodeposited copper, zone “C” is nickel plate and zone “D” is 


mounting metal. After W. Blum and H. S. Rawdon, Ill. 


found that the small crystals are deposited with one 
moe ee parallel to the face of the specimen, the 
i Pm, otherwise arranged at random. From 
dat tie of the diffraction rings, it was calculated 
5x 107 Size of the crystal was of the order of 
cm. 

tomo and co-workers! deposited films in vacuo 

*mperatures as low as —183 deg. C. and 
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the normal crystals to the deposited copper (Fig. 5). 
When this dip was not used, continuation of the crystal 
structure of the basis metal by the copper coating was 
not discernible. Some of the photomicrographs of 
this paper are reproduced. A. K. Graham’! repeated 
this observation for copper on copper, and for copper 
on brass, but was uncertain about the results for nickel 
upon nickel. During the deposition of copper upon 
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copper, the current was broken for a water rinse and a 
cyanide dip, but the continuation of the crystal struc- 


ture was not interrupted. A. W. Hothersall,™* in 
1933, published a photomicrograph of nickel electro- 
plated upon nickel, where a distinct extension of the 
basis metal crystals into the electrodeposit was notice- 
able. 

In March of this year, (1935), Hothersall *4* pub- 
lished some excellent examples of extension of crystal 
growth of the basis metal by the electrodeposit . of 
nickel upon nickel, iron upon nickel, tin upon tin, and 
tin upon a tin-antimony alloy (99:1), and a suggestion 
of complete continuation of tin deposited upon an- 
nealed copper. The results clearly showed that a 
continuation of a basis metal structure is possible, (a) 
when deposit and basis metal belong to the same 
crystal system, over a range of differences in lattice 
parameters (e.g. from —2.4 to plus 12.5 per cent dif- 
ference), (b) when deposit and basis metal belong 
to different systems. Thus, tetragonal tin was shown 
to continue the microstructure of copper (face cen- 
tered cubic) and copper to continue that of beta brass 
(body centered cubic). 

W. A. Wood!” studied, by X-ray methods, the crys- 
tal orientation of the electrodeposited layer caused by 
the cathode. When copper or nickel was deposited 
upon rolled copper, the orientation of the deposit was 
the same as the basis metal for small current densities. 
When the current was increased, less orientation 
resulted. 

G. Tamman and M. Straumanis,''® three years pre- 
vious to Wood, obtained similar results for copper de- 
posited upon copper. On polished copper cathodes, 
copper is deposited in small crystals, the size and or- 
ientation of which differ from that of the crystals of 
the cathode, but if it is deposited upon etched copper 
the orientations of the crystals of the basis and of the 
electro-deposited copper are the same. Higher current 
densities tended to cause non-orientation. 

The adhesion of the plated coating is highest when 
extension of crystal growth occurs. Polishing films, 
passive films, and other films that have been discussed 
will prevent this extension. Industry has realized the 
practical value of the scientific findings which we have 
considered, and careful preparation of the basis metal, 
previous to electroplating, is a general practice. In 
view of the faithful reproduction of the basis metal 
crystals by the plated coating, a coarse coating will re- 
sult when the basis metal is coarse and a fine crystal- 
line coating when the basis metal crystals are fine. 

In decorative plating, the higher degree of adhesion 
produced by etching the basis metal may have to be 
forsaken in order to secure a coating of the desired 
brilliance. The effects of the basis metal crystals are 
gradually overcome as the deposit increases in thick- 
ness, especially when deposition occurs at high current 
densities or from complex ion solutions such as the 
common cyanide baths. When the layer of cold- 
worked metal from polishing is not removed, peeling 
may occur between this layer and the underlying larger 
crystals rather than between the electro-deposit and 
the basis metal interface. Thus Hothersall'*’ found a 
layer of brass adhering to a nickel electrodeposit that 
had been pulled away from the basis metal. 

G. Dubpernell''® recommended a_nitric-sulphuric 
acid bright dip to remove this film from polished brass 
and consequently to materially increase the adherence 
of the electrodeposit. W. R. Meyer and C. Helmle?®, 
by determining weight loss values in the commercial 
cleaning and acid dipping of metals, calculated that the 
Beilby layer was removed in most cases, so that the 
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layer of cold worked oriented crystallites was exposed 
to the plating solution. 

The properties of metals in thin films appear to vary 
from the metal in bulk. H. Murman’®, using an op- 
tical method, found that the electrical conductivity of 
metallic deposits decreased with decreasing thickness. 
A. Jagersberger'! arrived at the same conclusion and 
R. Bosworth'** recently determined that the electrical] 
resistance of thin films of electrodeposited nickel, 0.08 
microns thick, was twice the normal value. A vast field 
of study still remains on the nature, properties, and 
specific influences of metal films, but we may feel justly 
proud of the progress that has been made within the 
last ten years. 


Films on Electrodeposits and Unplated Metals 


Some data on the role of film formation on plated 
coatings and unplated metals will be presented. The 
abstraction has not been complete in this field, so com- 
mercial aspects of film formation will be considered, 

Cadmium, although an excellent rust protective 
metal for coating iron, will discolor rapidly when ex- 
posed to certain chemical influences. This has proved 
particularly troublesome in the cadmium plating of 
merchandise which must maintain a good surface ap- 
pearance. G. Soderberg'** stated that the discoloration 


of cadmium is accelerated by exposure to moist, un- 
circulated air, particularly in the presence of ammonia 
fumes formed by the disintegration of cyanide or am- 


monium salt residues on the plate. Immersion in a 
chromic acid solution is recommended to prevent the 


tarnishing. This solution removes the offending am- 
monium salts and probably coats the cadmium with a 
passive film, as cadmium which has been dippe: in this 
solution and brushed, will tarnish more rea than 
the dipped but unbrushed cadmium. 

The salt spray resistance of zine coatings »r zine 
alloys can be materially increased by immersi:) in di- 
chromate solutions although, unlike cadmium a dis- 
tinct discoloration of the zinc surface resu’-. The 
color usually varies from a light yellow to -ray. J. 
Schulein!*4 recommended an alternating curre:t treat- 
ment in a chromic acid bath to increase the «rrosion 
resistance of zinc. This treatment produces a deep 


black color. 

The surface discoloration of silver has ever been a 
problem, especially in atmospheres strongly contamin- 
ated with hydrogen sulphide!*®. A passivation treat- 
ment,!26, 127, 128 in which the silverware is immersed in 
chromates or other strong oxidizing agents, will mar- 
kedly increase the resistance of silver to tarnishing 
from hydrogen sulphide, although the surface appear- 
ance of the silver remains unchanged. Thin films of 
electroplated rhodium!” have also been used to pro- 
tect silver from tarnishing. 

Owing to the growing importance of Elektron, 4 
magnesium base alloy, used in aircraft engineering, 
the problem of increasing its corrosion resistance, €> 
pecially in sea water, has received considerable attem 
tion. Effects of various reagents as potassium di- 
chromate, nitric acid, permanganates and other chemr 
cal reagents have been studied by W. O. Kroenig and 
G. A. Kostylev'**. The dichromate and nitric acid s0- 
lutions appear to be most promising. G. I. Finch am 
A. G. Quarrell'®!, using the electron diffraction cam 
era for study of the oxides which form on magnesium, 
determined that they exhibit abnormal crystal struc 
ture and that heating the basis metal caused preferen- 
tial orientation. H. G. Hopkins'*, in a recent study 0 
the films formed on magnesium by the dichromate 
process!*3, determined that the film consists of sma 


METALS & ALLOYS—Vol 7 








an 


inc 
di- 
lis- 
“he 

|. 
vat- 
0n 
eep 


na 
nin- 
eat- 
d in 
nar- 
hing 
year- 
s of 
pro- 


m, 4 
Ting, 
bp. & 


crystals oriented at random with respect to the surface, 
being probably hexagonal MgO. 

The anodic treatment of aluminum has spread rap- 
idly in the past few years and now it is one of the 1m- 
portant branches of the electrolytic coating of metals. 
[In this country alone, several millions of pounds of 
aluminum are being annually anodically treated’**. 
The earliest reference to oxide films on aluminum is 
dated 1857 and covers the work of Buff'**. In 1904, 
Mott, Zimmerman, and Corbino!** conducted a series 
of measurements on film thickness and Gunther 
Schultz and his co-workers**’ in 1906-7 studied the po- 
tential drop of the oxide film on the aluminum surface. 
Five years later Baristo and Mercer’*® substantiated 
the work of Gunther Schultz. 

Skinner and Chutt?®*, Fitch’*®, Meserve!*!, Dun- 
142 and Lilienfield, Appleton and Smith'**® made 
important contributions to the study of the anodic 
coating. The last named authors explained the poten- 
tial drop in terms of work-function and assumed that 
the film is composed of mono-molecular strata, each 
stratum containing one layer of bi-polar molecules in 
a more or less organized condition. The insulating 
value of the film was related to the electro-osmotic ef- 
fect by Muller and Konopicky’** and Dobias and co- 
workers?*#, The early investigators were only aware 
of the dielectric properties of the anodic film. Ben- 
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gough and Stuart’*® found new uses for the anodic 
filmi, while Flick?4* in 1925, discovered the absorptive 
properties of the coating, making possible the colored 
fin'<hes by use of certain organic dyes. 

rious electrolytes have been recommended for the 
an lic treatment, for example: Chromic acid,'** oxalic 
aci 148,149 which requires high voltages, chromic and 
Ox acids’*", and sulphuric acid, which was recom- 
mer led by Tosterud’*! for hard abrasion resistant 
coa ngs. Bengston’*? discovered that boiling water 
would effectively seal the oxide coatings and prevent 
then, from staining and dyeing. Such treatment was 
sho\.n by X-ray examination to change at least part of 
the 1orphous alumina, originally formed, into crys- 


taline alpha-mono-hydrate, the change being also ac- 
companied by a marked increase in corrosion resis- 
tance. It has been shown possible’** to further increase 
the corrosion resistance of the coatings by the absorp- 
tion ot such substances as silicates or chromates. 

\\ec have just completed a general survey of the role 
of films in electrodeposition in relationship to the. basis 
metal and to the coatings themselves. The increase in 
the quality of commercially finished articles such as 
chromium-plated ware may be justly attributed to the 
researches which we have considered. 

The commercial development of corrosion resistant 
finishes, the use of bright deposits which do not require 
buffing, the adhesion of plated coatings, and the effi- 
ciencies at the anode and cathode are all related to film 
formation. Our progress in the study of these films 
will be reflected in the solution of these problems. 
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THE EVAPORATION 
OF METALS 


A Correlated Abstract 


By L. R. JACKSON 


Metallurgist, Battelle Memorial Institute, Columbus, Ohio 


NE USUALLY ASSOCIATES the terms 
“evaporation,” “vapor pressure,’ and “frac- 
tional distillation” with such things as water 
solutions, oils, etc., and seldom thinks of these terms 
as having any practical importance as applied to 
metals. Yet the number of commercial and scientific 
processes in which the vapor pressure of metals as- 
sumes a dominant role is steadily increasing. In some 
cases vapor pressure effects are used to gain desired 
ends, while in others they are unavoidably present in 
the process and must be handled in the best way pos- 
sible. 
The nuisance value of vapor pressure has long been 


vapor pressure, making its elimination through voia- 
tilization and subsequent oxidation inevitable, while 
tin at the same temperature with its lower vapor pres- 
sure is not entirely eliminated. 

The chemical properties of sodium present it as an 
attractive possibility as a deoxidizer for steel; how- 
ever, the technical difficulties in introducing it, due to 
its high vapor pressure, have not yet been overcome.’ 

Among the oldest commercial processes in which 
vapor pressure-temperature characteristics of metals 
have been deliberately utilized are the extraction of 
the metals Zn*, Cd5, and Hg®. The ores of these 
metals are mixed with proper reducing fluxes and the 


















appreciated by the brass industry where the loss of reduced metals are distilled into condensers. The 
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spread adoption of enclosed type electric melting fur- 
naces.! The high vapor pressure of zinc is, however, 
not an entirely unmitigated evil; Genders and Bailey? 
state that the high vapor pressure of zinc prevents 
the solution of other gases at brass casting tempera- 
tures and thus promotes sounder castings. This is 
particularly true of the 70:30 type brass. 
Open-hearth men are familiar with the fact that 
zinc coated scrap may be used without fear of con- 
tamination while tin coated scrap must be avoided. 
The explanation for this lies in the fact that, at steel 
making temperatures, zinc has an extremely high 
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requirements of the necessary furnaces as well as 
temperature requirements in the condenser are all de- 
pendent on a knowledge of the vapor pressure-tem- 
perature relation for the various metals. 

The vapor pressure of metals in the solid state 1s 
also commercially important; the universal use of 
tungsten’ rather than molybdenum for lamp filaments 
is due largely to the difference in vapor pressure al 
operating temperatures. Molybdenum with its rela- 
tively high vapor pressure evaporates much more rap- 
idly than tungsten and thus shortens the life of the 
lamp. 
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Whatever the applications of vapor pressure may 
be, an accurate knowledge of vapor pressure-tempera- 
ture relation is essential for complete control. Re- 
cently Leitgebel® has collected what he believes to be 
the most reliable data on 24 metals and published the 
results in the form of a convenient chart. This chart 
is reproduced in the illustration. Leitgebel remarks 
that the data on higher boiling metals is not as reliable 
as that for the lower boiling ones. 

In the chart on the upper abscissae are plotted tem- 
peratures in degrees centigrade while on the lower are 
the reciprocals of the absolute temperature. The or- 
dinates give the vapor pressure both in atmospheres 
and in millimeters of mercury, the scales being com- 
plete only in the regions where they are customarily 
used. It is to be noted that the pressures are on a 
logarithmic scale. The vapor pressure curves for the 
various metals are plotted in ascending order of their 
respective boiling points, that is, the temperature at 
which the vapor pressure of the metal is equal to one 
atmosphere. This relation is shown by the dashed line 
on the chart. Vapor pressure curves for carbon and 
water are also given for comparison. 

It is to be noted that there is a change in slope of 
the curves at the melting point as indicated by the 
arrows. From this chart it is easy to see why the 
action of zinc and tin in molten steel is different, as 
mentioned above. At steel making temperatures 
(1600°C) Zn has a vapor pressure of around 50 at- 
mospheres while the vapor pressure of Sn is less than 
0.1 atmospheres. Here it must be remembered that 
the vapor pressure values, as read from the curves, 
are jor pure metals. For alloys such as Fe-Zn the 
vapor pressure due to the zinc in the molten alloy will 
be approximately proportional to the mol per cent of 
zinc present or more roughly proportional to weight 
per cent of zine. That is, if there was 0.1 per cent 
zinc present in a steel bath instead of having a vapor 
pressure of 50 atmospheres it would be 0.001 x 50 or 
0.05 atmospheres. If an inter-metallic compound is 
formed, it will have a characteristic vapor pressure 
different from either of its constituents at the same 
temperature. Evidence of this sort led Chipman® to 
the conclusion that the carbon in liquid steel is present 
as a carbide of iron and not as atomic carbon. 


The Fractional Distillation of Metals 


One of the most useful applications of vapor pres- 
sure relations is in the purification of metals by dis- 
tillation or sublimation. This process is not only in- 
dispensible for scientific purposes but has important 
commercial aspects. Usually metals of lower boiling 
point are distilled under atmospheric pressure either 
in air or non-oxidizing atmosphere while higher boil- 
ing metals are distilled in vacuum in order to take 
advantage of the greater rate of evaporation and 
while the vapor pressure of metals is unaffected by 
the external pressure, whether it be vacuum or atmos- 
Pheric, the rate of evaporation is affected a great deal. 
Fonda”, Langmuir, and Jones, Langmuir and Mac- 
kay"?, who have done a good deal of theoretical and 
€xperimental work on the rate of evaporation of vari- 
ous metals, report that the rate of evaporation of 
tungsten under atmospheric pressure is only about 2 
per cent of its rate in vacuum. This work incidentally 


_ to the adoption of the nitrogen filled incandescent 
mp. 


Among low 
distillation un 
and mercury 
Small, but co 


er boiling metals which are purified by 
der atmospheric pressure, zinc, cadmium 
are the most important commercially. 
mmercially important amounts of barium 
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are distilled under vacuum for use in connection with 
magnesium as a “getter” in the vacuum tube indus- 
try'®. Magnesium! itself has been purified commer- 
cially in vacuum by sublimation. 

Kroll!® has done important ground work on a labor- 
atory scale in determining what might be expected in 
the vacuum purification of metals. He summarizes his 
work in the form of a table which is reproduced. This 
table shows clearly which metals can be separated by 
distillation and which cannot, gives some idea as to 
the extent of separation, and shows which separation 
product is in the condensate and which in the residue. 
The results in the table may also be checked by com- 
parison with the reproduced chart. For example, from 
the table one sees that nickel and iron cannot be sep- 
arated by distillation. The reason for this is clearly 
shown in the chart where it is seen that the vapor 
pressure curves of Fe-Ni lie very close together. 

A clear recognition of the role of vapor pressure 
in the technology of metals often provides the clue 
which makes for better understanding of the mechan- 
ism of many processes. It is to be hoped that the 
data in this chart will be amplified by future work to 
include alloy systems and that the reliability of data 
on higer boiling metals will be improved. In this con- 
nection Leitgebel’® has published some work on the 
boiling points of a few lower boiling binary alloys. 


Table of Purification of Metals by Distillation 


Base 
Extent and Type of Separation Metal Impurities Removed 
1 Separation almot complete. Im- Be Ca, Ba, Mg 
purity in distillate Fe S, P, Cu, Min 
Cu Ag, Bi, Pb, Zn, Cd 
Al Mn, Zn, Mg, Na 
2 Separation almost complete. Im- Fe W 
purity in residue Be C, Fe, Ni 
Cu , 
Al Fe, Ti, Cu 
3 Separation incomplete. Impurity Ni Cu 
in distillate Fe Cr 
Cr Al, S 
Cu S, Sb 
4 Separation incomplete. Impurity Ni Cr 
in residue Fe am tac. 
Be Bi 
Al Si 
Cr Fe 
Cu NiOsz 
5 No separation. Impurities equally Ni Fe 
divided between residue and dis- Be Al, Mn 
tillate Cr Si 
Cu Fe, As, Sn 
Ni Co 
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Since this article was written, two articles by A. Eucken 
have appeared in Metallwirtschaft, Vol. 15, Jan. 10, 1936, 
pages 27-32; Jan. 17, pages 63-68. In the first article Eucken 
makes a critical survey of methods used in making vapor- 
pressure measurements and discusses theoretical formulas re- 
lating vapor pressure with characteristic constants of the 
metals. In the second article he reviews experimental re- 
sults on 29 metals. These articles supplement the review by 
Leitgebel” and contain an excellent bibliography. 
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Trends in 


American Alloy Steel 


Production 


By EDWIN F. CONE 


STATISTICAL REVIEW of the trends in the 

production of alloy steels by American steel 

companies was published in METALS AND AL- 
Loys for November, 1935. It analyzed the annual 
data of the American Iron and Steel Institute from the 
earliest records through 1934. Just recently the insti- 
tute has issued its statistics of steel production for 
1935 and it is now possible to compare the status of 
the alloy steel industry for 1935 as reflected by these 
statistics, with its course during earlier years. 


Percentage of Alloy Steel of Total Steel Output 


The data for alloy steel production and their rela- 
tion to the total steel ingot and casting output are as- 
sembled and analyzed in Table I and Fig. 1. These 
cover a period of 27 years which is approximately the 
age of the American alloy industry. It will be noted 
that in 1935 there was produced 2,119,658 gross tons 
of ingots and castings as compared with 1,612,275 tons 
in 1934. - This is an increase of 507,383 tons or 31.4 
per cent for 1935. The increase in 1935 over 1934 of 
65,092 tons was only 4.2 per cent, so that the actual ex- 
pansion in tonnage last year was of decided propor- 
tions. 

In percentage of the total steel production of 34,- 
092,594 tons the 1935 alloy steel output of 2,119,658 
tons was 6.22 per cent. This compares with 6.19 per 
cent in 1934 for the 1,612,275 tons of alloy steel pro- 
duced—a slight increase for last year. 
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Tons of Total Steel to One Ton of Alloy Stee! 


There is some interest and significance in a con 
tion of the tons of total steel produced to one to: 
alloy steel. This compilation is found in colum: 





Table 1.—Production of Alloy Steel Ingots and Castings in 
States—Gross Tons 


Total 
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Table 1. In 1934 there were 16.1 tons of total steel 
made for each ton of alloy steel. 
tion was the same, there having been no relative 


change, one keeping pace with the other. 
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In 1935 this propor- 
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Relation of Alloy Steel 
Output to Total Steel Output for 


27 Years. 
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seven years ago, or in 1909, there were 131.6 tons of 
steel produced for each ton of alloy steel. The best 
showing was made in 1929 when only 14.2 tons of total 
steel to one ton of alloy steel were made. 

During the six years since 1929, most of this involv- 
ing the period of the depression, the average has been 
16.5 tons of total steel to one ton of alloy steel. This 
ratio neg — one of 17.5 tons for the six years 
ended with 1929, or 1924 to 1929. Thus the record of 
the alloy steel i in 1935 and during the depres 
sion has been an enviable one, judged on the basis of 
the institute’s statistics. 


New Record in Electric Alloy Steels 


\n analysis of the data for electric alloy steel shows 


1 new record was made in 1935. These statistics 
are assembled in Table 2 which shows that in 1935 
there were 412,563 tons of alloy steel made in electric 


furnaces. This is 19.46 per cent of the total alloy 
steel output last year of 2,119,658. It compares with 
19.18 per cent in 1934—a record up to that time. In 





fact there has been a continual expansion in this grade 
of steel, not only during each year of the depression, 
but since 1921 when the percentage was 7.81 per cent. 
Even in the low year of the depression 1932—the 
amount of electric alloy steel of the total alloy steel 
was 17.65 per cent, a record at that time. 
Table 2.—Production of Alloy Steels Made in Electric Furnaces in 
United States—Gross Tons Per Cent of 
Electric Total Electric a Steel 
Alloy Steel Alloy Steel of Total Alloy 
ee eeen 181,980 is 
608 567.819 0.11 
we 481,459 
9,619 792,501 bars 
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193 em 8 re 798,604 17.65 
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1934 es. 299,236 1,612,275 19.18 
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_ A reproduction of the institute’s data for alloy steel 
ingots and castings is of interest as showing definite 
trends over the last four years. The statistics are 
given in Table 3 for the last three years. 


Table 3.—Output of Alloy Steel Ingots and Castings by Processes 


: Gross Tons 

Process 1932 1933 1934 1935 
Basic Open-Hearth ......... 616,719 1,169,255 1,278,343 1,633,541 
a Open-Hearth .......... 27,236 57.097 34,540 7 +0) 
sessem 13,651 24,519 2 ee. 
SOD: 50 SN vaya adhe Peas 121 102 103 154 
Electri: Pack 6S Bik ae aie 140,877 296,210 299,23¢ $12,563 

PPR ca eae 798,604 1,547,183 1,612,275 2,119,658 


Because the data for 1934 and 1935 include only 
castings made in foundries operated by companies pro- 
ducing steel ingots, they reflect the large increase in 
electric alloy steel ingots. The production of 412,563 
tons in 1935 was nearly three times that in 1932, and 
40 per cent in excess of 1934. This expansion in the 
electric alloy steel output is in large measure explained 
by the increased use in industry of the chromium and 
nickel- chromium corrosion and heat resisting steels. 
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Making Special Alloy Steels in High Frequency Furnaces at Lebanon 
Steel Foundry. 


More Data Needed 


The progress of the alloy steel industry as a whole 
is due of course to the increased number of alloy steels 
available to industry. The statistics of the institute 
reflect this expansion but do not tell the whole story. 
Previous to 1934, the data did include the total steel 
casting production, but since then only a small pro 
portion e the actual production of alloy steel castings 
is included—only the output of ingot producing com 
panies which operate foundries. Thus an inadequate 
picture is presented by these data. 

To secure a complete record of the alloy steel in- 
dustry as a whole, it would be sroerlenate to supplement 
the institute’s data with those of the Steel Founders’ 
Society of America and of the Alloy Casting Assoc la 
tion. Unfortunately these statistics are not available 
for public presentation. Were they available it is 
fairly certain that the analysis, presented in this re- 
view and based only on the institute’s data, would re- 
veal an even better showing for 1934 and 1935. 

Again it should be stressed that a factor of vital 
importance is the collection of the data on the basis of 
a definite and generally accepted definition of what an 
alloy steel really is. With the advent of the low alloy 
high-elastic steels, this phase of the statistical situation 
is becoming more complicated and unsatisfactory. It 
is definitely assured, however, that the use of alloy 
steels of all kinds—low and high alloy, simple and 
complex—is growing rapidly. But a real statistical 
picture is not available. 


Tapping a Heat of Alloy Steel from an Electric Arc Furnace. 
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Poetry For 


N THE March issue of Metrats ANp ALLoys there was 

published a page of poems which were considered of in- 
terest to metallurgists. Our attention has been called to an- 
other example of this nature from the pen of L. Gerard 
Firth, president and general manager, the Firth-Sterling 
Steel Co., McKeesport, Pa., which we are glad to publish. 


Theory and Practice 


The Practical Man or the Technical Man 
Which has the right to boast 

That he is the one that brings success, 
That Industry needs him most? 


The driving wheel or the steering wheel, 
Ignition or carburetor, 

Which is the most essential part? 
Which would you call the better? 


Airman, gunner or engineer 
Which do you think did more? 

General Staff or infantryman— 
Who was it “won the war”? 


If by a chance you had the power 
To fashion yourself again, 

Would you omit your arms and legs 
And put in an extra brain? 


Then let us forget this foolish talk 
Of “whom do we most require’; 
Why—the Technical Man and the Clerical Man 


And the Practical “Man at the Fire”! 





OR the “Metallurgical Poet’s Corner” we have two more 

poems from the pen of L. Gerald Firth, president and 
general manager of the Firth-Sterling Steel Co. One is 
“The Roller,” a comparatively new one, and the other is 
“Science Simplified for Steel Works Stenographers” which 
we reprint as suggested by Prof. William Campbell when, 
in the March issue, we printed his poem for metallurgists. 


The Roller 


“I’m glad to meet you,” the Roller said 
And shook the Customer’s hand. 
“Excuse me a minute, I have to loosen 
The screw in the finishing stand. 

You are the fellow who wants his steel 
O thirty-eight exact; 

You also complained it didn’t blank 
That four in a thousand cracked.” 


“You think a little bit extra care 

W ould make the size come right 

And it’s only a question of setting the rolls 
And keeping the screws down tight 

That might be true in a cogging mill 

But if you'll stop to think, 

There must be a limit to what can be done 
And yours is on the brink.” 


“You may be running on 19 gauge 

When a neck gets over hot, 

In half a jiffy you've lost your size 

For the roll expands a lot; 

Then you've got to jump or the screws will jam 
And if they can’t be turned, 

Before you can stop the mill she sticks 

And the roll is badly burned.” 


“Now here is an order that must be soft 
Or else they'll send it back, 

And this ‘must be rolled extremely fast 
Or otherwise it will crack’ 

And here’s another that ‘has to give 
Brinell two seventy-two, 
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Metallurgists 


It’s very important to cool it slow’. 
And they add—‘That’s up to you’.” 


“Now here is an order for Stainless Steel 
Of two by nineteen gauge. 

It must be kept three thousandths scant 
Or the boss is sure to rage; 

And here’s some more, a couple of tons 
Of three by O five eight, 

‘Hold two to seven thousandths full 

And absolutely straight’.” 


“I’ve worked on a mill for forty years, 

As a roller thirty two, 

But never can feel | know my job 

For there’s always something new, 

And I’m always doing what ‘can’t be done’. 
Don’t think I want to complain 

sut I like my work to be right—Good Bye, 
Come round and see us again.” 


Science Simplified for Steel 
Works Stenographers 


I assume in the beginning 
You are all aware that ‘twinning’ 
Has an allotropic form in Newmann Bands, 
And the phenomenon of ‘slip’ 
In cold distorted strip 
Is something everybody understands. 


It was controversial, quite, 
As to what was martensite 
Until Jeffries and Archer took the case, 
It is ferrite, they surmised 
Finely grained and crystallized 
Having body centered lattices in space. 


Now Arnold still insists 
That martensite consists 
Of a carbide holding ferrite in suspension. 
While the needles, Osmond feels, 
Seen in martensitic steels 
Are pseudo-morphs of twinnings due to tension 


Now next I will explain 

That each individual grain 
Is anisotropic—then I will relate 

How this anisotropic grain 

In the mass will give again 
A pseudo-isotropic aggregate. 


If a liquid isn’t pure, 
When solidified, it’s sure 
(An eminent professor so insists) 
To show some indication 
Of dendritic segregation 
Since heterogeneity exists. 


Dr. Rosenhain proclaims 
That orf cooling there remains 
An amorphous inter-crystalline cement 
While distortion of the lattice 
Causes hardening, and that is 
Because adjacent atoms will be bent. 


Now it’s interesting I think 
That zirconium and zinc, 

With lattices hexagonal close-packed, 
If distorted when they’re cold 
(By Jeffries we are told) 

Are tolerably certain to be cracked. 


While iron, he relates, 
In its alpha and beta states, 
Has body-centered lattices, and though 
It should be rank futility 
To look for good ductility 
Yet curiously enough it isn’t so. 
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WE welcome another contribution to the “Metallurgical 
Poetry Page” from Fred P. Peters, chief chemist, Wilbur 
B. Driver Co., Newark, N. J., on a spectre which has been 
haunting him too frequently. It follows: 


The Spectre of Davenport Archer Gillett, 
McCarthy McQuaid-Ehn Sauveur 


After I’ve finished my work and go home 
To hunt for the facts | should know, 

| tremble to think of the close of the day 
When off to my bed I must go. 


For I have a banshee that visits me oft, 
When only the owls are astir. 

‘Tis the spectre of Davenport Archer Gillett 
McCarthy McQuaid-Ehn Sauveur. 


This composite wraith wears a Shavian beard 
Which he bleaches with HNOs. 

\nd because it is white, it must be cementite, 
Was his first dismal lecture to me! 


Inside it he carries an old microscope 

Which—he points out again and again— 

Must be handled with care and protected from air, 
For it serves him in place of a brain. 


I shrieked when I first saw his two crystal eyes 
But he warned me those words to eschew— 
His original sin made him all crystalline, 

So “to crystallize” must be taboo! 


On austenite grain size he lectures for hours, 
*Tho unable at times to recall, 

When performing the test, if it wouldn’t be best 
Not to add any carbon at all. 


He’ll shatter my slumber by beating his breast 
(Which rings like the Liberty Bell) 

And in accents metallic, with sarcasm gallic 
The New Dealers’ virtues he'll tell. 


Oh, where are the sweet dreamless nights that I knew 
When no interest in metals had I 

"Ere | started to crack all the books on the rack 

And their wisdom I sought to apply? 


For this pale, haggard face and these dull, vapid eyes, 
And these jitters are caused, I aver 

By the spectre of Davenport Archer Gillett 

McCarthy McQuaid-Ehn Sauveur! 


LETTERS TO THE EDITOR 


New Terminology - “Liquidoid” 
and “Solidoid” 


To the Editor: When an author includes in a textbook 
some original matter, or at least some matter about which he 
should like to have the criticism of his readers, he is not 
likely to hear from them. 
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On the other hand, such matter, when included in a paper 
Presented to some society, or in a periodical, generally re- 
ceives the attention the author desires. 


_ This thought leads me to present to you a diagram with 
its explanation, as quoted from the last edition of my book 


june, 1936—METALS & ALLOYS 


“The Metallography and Heat Treatment of Iron and Steel” 
in the hope that, should you decide to publish it, some of 
your readers may express their opinion regarding the advis- 
ability of the use of these terms, namely “liquidoid” and 
“solidoid.” 

Sincerely yours, 

Albert Sauveur. 

Harvard University 
Cambridge, Mass. 


In the illustration, Fig. 409, the author ventures to coin 
two new words: “liquidoid” to indicate the beginning of the 
formation of a new phase from a Solid solution, suggestive 
of liquidus which refers to the beginning of the formation 
of a solid phase from a liquid solution, and “solidoid” indi- 
cating the end of the phenomenon suggestive of solidus which 
marks the end of the solidification. The meeting point of the 
liquidus curves indicate the formation of a eutectic, whereas 
in a similar manner the meeting point of the liquidoid curves 
indicate the formation of a eutectoid. 


Random Thoughts on Definitions 


To the Editor: Your item about the lady and puddled 
steel in the April issue of MetTats AND ALLoys [“A Lay- 
woman’s Picture of the Steel Industry,” page 101] reminds 
the writer that both of America’s leading dictionaries define 
semisteel as puddled steel (U. S.). They also state that sil- 
ver steel is an alloy of steel containing a very small amount 
of silver. I wonder if the manufacturer of silver steel tools 
would agree with this definition. 

On the definition of metallurgy either the dictionaries are 
behind the times or else American manufacturers and trade 
journals are in error. While textbooks on this subject deal 
with the extraction of metals from their ores, people refer 
to the metallurgist in connection with firms which deal sole- 
ly with the manufacture of metal products from material re- 
ceived in the metallic state. Why not call the laboratory 
workers metal chemists, or metal physicists, and be scien- 
tifically correct in the use of words? 

We refer to paint chemists, water chemists, starch rubber, 
oil, paper, food, etc., chemists, so why call the analyst of met- 
als, a metallurgist which he usually is not? 


ALEXANDER LINDSAY 
Chicago, Ill. 
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Progress in the Clarification of 


Problems in High and Low Temperature 
Uses of Metals 


D! SIGNERS who must appraise the suitability of alloys 

service at elevated temperatures, as in oil stills, high 
pressure steam plants, conveyor mechanisms in heat-treating 
furnaces, and many other types of service, have two prob- 
lems: First, finding out what the high temperature proper- 
ties are, as revealed by suitable tests, and second, deciding 
upon a proper factor of safety for the service in question. 
The second remains their own problem, but material aid 
is being given in respect to the first through the work of 
the A.S.M.E. and A.S.T.M. in their Joint Committee on 
Effect of Temperature on the Properties of Metals. 

This committee has been established for a dozen years, 
in which period it has published over 1300 pages of in- 
formation. It has sub-committees comprising more than 
60 active workers in this field who are developing reliable 
methods of evaluating both high and low temperature proper- 
ties, and are applying those methods to the study of alloys 
of commercial importance. Although the time factor has 
such an influence in the stability and load carrying ability 
at high temperatures that many phases of the work are 
very tedious and expensive, requiring special equipment and 
meticulous attention to detail, a constant flow of results is 
being obtained, which are reported each year in June at the 
A.S.T.M. meeting and in December at the A.S.M.E. meet- 
ings. 

Due to insufficient knowledge as to the effect of the time 
factor and as to the necessary precautions for obtaining 
concordant and reliable results, much of the earlier data in 
the technical and advertising literature is unreliable and mis- 
leading, and good data are scanty because of the cost of 
obtaining them, so that when the designer looks in his hand- 
books, or in the more specialized literature, he is dismayed 
by the general lack of information and by the discrepancies 
in published information, and is impressed by the insecurity 
of extrapolation from even tests of several thousand hours 
duration to the much longer periods of actual service. 

In a field where the alloys required are often costly and 
their service of a type involving fire or explosion hazard, 
this situation certainly calls for the sort of attention the 
Joint Committee is giving it. 

Due to the efforts of the committee, great strides have 
been made in codification of testing methods so that one 
may be sure that when tests are made according to best 
practice, differences observed between materials are truly 
differences in materials and not in test methods. This is 
facilitated by the availability of a specially selected lot of 
steel whose long and short time, high and low temperature 
properties are being very thoroughly explored in the work 
of the committee, and which is available to interested parties 
for checking their own laboratory methods. Full informa- 
tion on the results obtained in such check tests is the only 
recompense required by the committee. The problem of 
extrapolation is being attacked by carrying out tests of 3 
yrs. duration, which are now well advanced, upon typical 
ferritic and austenitic steels, as well as by continued atten- 
tion to the basic problem of stability. 

The Joint Committee, through its own committees, its re- 
lated sub-committees, and its individual members, has been 
cooperating with A.S.T.M. committees that develop specifi- 
cations and with various committees of the A.S.M.E., for the 
purpose of assisting engineers to purchase suitable materials 
and to use reliable data when designing steel parts to be 
placed in service at high temperatures. Thus far the Joint 
Committee’s work has resulted in high temperature test data 
only on a few selected steels. 

At a recent meeting, the Joint Committee decided to at- 
tack the more general problem of listing all for alloys, whether 
or not classified today as commercial, such temperature test 
data as are deemed reliable. tecause this task cannot be 
accomplished promptly by the spare-time attention of the 
Joint Committee and sub-committee members, and because 
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there is a great present need for assembling and publishi: 
reliable information of this kind, the Joint Committe: 
to employ a skilled investigator to get to work at onc 
this task under the direction of the committee headed 


P. E. McKinney. 


One pressing problem for industry lies in the need for 
accurate data that are typical of the properties of var 
alloys placed in high temperature service. he pri 


purpose of a research group such as the Joint Coomnenitte 1s 
to perfect testing methods and to study the behavior of typi- 
cal materials, so that a method of attack can be developed 
for use by producers and consumers in solving their own 
specific problems. This type of testing work in the field 
high temperatures is very expensive, and it is necessa 
use extreme precautions to avoid the danger of getting ta 
that, instead of serving the purpose, actually mislead th . 
zineer. There are a few laboratories, outside of those 
sented on the Joint Committee and its sub-committees, 
are prepared to deal properly with such problems. How 
the list of laboratories using satisfactory equipment 
methods fortunately is increasing steadily. 

It may not be generally known that the Joint Comn 
has recognized its responsibility to industry along th 
just mentioned. As a matter of fact, the Joint Com: 
(beginning with 1933) has offered to plan and execut 
each of several industrial groups, experimental work 
certain the high temperature properties of specific allo 
specific purposes, provided that the group would aden 


finance the work, and would be willing to have the t y 
done along lines that are believed by the Joint Committ:« to 


be dependable. No such specific problems can be unde 
unless the interested group will authorize sufficiently n- 


prehensive studies to favor the accumulation of 1: le 
data. Because there is serious need for such wer al . 
gineers in connection with a specific grade of metal g 
believed to have service possibilities at high temperatu: e 
Joint Committee freely places at the disposal of prope r 
ganized industrial groups, the collective experience ts 
members, under the conditions that have just been exp! l. 
The committee’s own direct work will continue | e 


oriented along fundamental lines, primarily seeking r- 
ther information on the control of stability and the « 
ment of test methods of engineering applicability, t 
work on materials chosen as typical, rather than attempt- 
ing themselves to determine the properties of every alloy that 
may be suggested. Several new fields of experimental activity 
are under discussion, among them being evaluation ot low 
temperature propéerties—a matter already being surveyed by 
a sub-committee—study of methods of determining resistance 
to oxidation, relation of tensile properties to the stresses ob- 
taining in tubes in service, etc. Definite plans will b laid 
at a committee meeting the latter part of June. Suggestions 
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from those interested in the high and low temperature fields 
as to topics which should receive early experimental atten- 
tion will be appreciated, and if sent to the Secretary of the 


Joint Committee, N. L. Mochel, Westinghouse Electric & 
Mfg. Co., Lester Station, Philadelphia, in time, they will be 
brought before the committee at its June meeting. 

The new projects will be in addition to the 3-yt test 
program now in progress, and to the continual effort to 1m- 
prove testing methods. The number and scope ot the new 
projects will depend upon the financial support affor led by 
industry. 

While the financial resources will not be known till the 
final report of the finance sub-committee, headed by Major 
R. A. Bull, 541 Diversey Parkway, Chicago, prelimins ry re- 
turns indicate that several new lines of experiment can be un- 
dertaken. Hence the committee is anxious to get the opin- 
ion of industry as to what new projects should have 
preference in the order of attack—H. W. Gillett, chairman, 
Sub. Com. on Publications. 
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